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Douglas continues 





to make spare parts for 


S| these aircraft! 
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Genuine Spare Parts 





Douglas is still building spare parts for 
the DC-3 (C-47) and DC-4 (C-54) even 
though these airplanes are no longer 


in production. 


Why take a chance? Specify 
Douglas manufactured spare parts for 
Douglas airplanes. Delays caused by 
failures or reworks cost you money. 
Douglas spares are factory-built... triple 


inspected to fit and function perfectly. 


Over 65 % of all requirements for 
DC-3s, DC-4s, DC-6s and military aircraft 
are filled from stock parts. From nuts 
and bolts to complete demountable 
power plant assemblies, Douglas 
spares are delivered swiftly anywhere in 
the world to keep your Douglas 


planes flying. 


Douglas Aircraft Company, Inc., 
Santa Monica, California, U.S.A. 
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fine modern 
maintenance facilities 
and 
experienced technical staff 


are at your disposal for carrying out any kind of work 
on your aircraft. 

We shall take pleasure in taking up with you any problem 
you may have concerning overhaul, repair, conversion, 
and modification of your aircraft material, or letting 
one of our engineers visit you at your base. 

The skill and accumulated know-how of Scandinavian 
engineers and workmen guarantee that the work is 
carried out with the utmost care and accuracy—and that, 
for aircraft maintenance of the highest quality..., you 


can depend on 





SCANDINAVIAN AIRMINES SVSTENM 


DENMARK - NORWAY - SWEDEN 


REGION DENMARK 
COPENHAGEN AIRPORT, KASTRUP 
TELEGRAMS : SASYSTEM, COPENHAGEN - TELEPHONE : CENTRAL 1427 


CAA approved repair station 
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SYDNEY 


Again this week ! LATIN AERC 


Experienced Constellations will add another 
3,188,640 miles to their Record of Dependability 





THAT'S FLYING EXPERIENCE — over three million miles — every week ! 


Internationally famous, Constellations carry more people over 19 


more oceans and continents than any other modern transport. 

Designed for long distance, Lockheed Constellations today fly DISTINGUISHED WORLD AIRLINES 
the world’s longest routes... making them first choice for short HAVE SELECTED 
trips too. Rely on the great world airlines that fly Constellations. THE CONSTELLATION 

And look for the big new Super Constellations now being pro- 
Air France, Air India International Ltd., 
AVIANCA, Braathens South American & 
airliner built on the unmatched record of dependability of the real vamp AETeREAES, horseman a 

Airways Corp.,*Capital Airlines, Chicago & 

famous Constellation. Southern Air Lines, Eastern Air Lines, El 
Al-Israel National Airlines, KLM ° Royal 
Dutch Airlines, Linea Aeropostal Venezo- 


lana, Pakistan International, Pan American 

OC Pr World Airways, Panair do Brasil, Qantas 

Empire Airways, Seaboard & Western Air- 

lines, South African Airways, Trans-Canada 
AIRCRAFT CORPORATION, BURBANK. CALIFORNIA, U.S.A. Air Lines, TWA-Teane World Aisiincs. 


duced for 11 leading airlines. Lockheed’s Super Constellation is 


the finest air transport ever made, a natural expectation for an 
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Lockheed 


SUPER CONSTELLATION 
DEMAND WORLD-WIDE 


Unfilled orders for the Super Constellation now 
total more than $250,000,000, Robert E. Gross, 
president of Lockheed Aircraft Corporation dis- 


closed in his annual report from California. 


This high-speed luxury transport will mean 
more profit for the airlines that fly it. Designed 
to fly more payload farther and faster than any 
other airplane, the Super Constellation drastically 
cuts the cost per ton mile of both passenger travel 


and air cargo. 


The Super Constellation, Mr. Gross reported to 
Lockheed stockholders, is the latest in a long series 
of advanced transports developed by Lockheed 
during the past 25 years. Examples: the Vega, 
which set 34 records in 1927; the Sirius, flown from 
the United States to the Orient in a record- 
breaking survey by Col. Charles A. Lindbergh; 
the all-metal Electra, in 1934; the XC-35, world’s 
first pressurized airplane, and winner of the Collier 
trophy (top U.S. aviation award) in 1937; the 
Hughes Model 14, which flew around the world 
in 3 days in 1938; the 263-mile-per-hour Lodestar, 
in 1939, fastest prewar transport in the world, and 


the first Constellation developed in 1945. 


An all-cargo, trans-oceanic airline, Seaboard & 
Western Air Transport, Inc., recently ordered a 
fleet of Super Constellation cargo planes for long 
trans-Atlantic freight operations. Incorporating 
scores of exclusive freight-handling features, Sea- 
board & Western Constellations will cut per-ton- 


mile costs to less than 5 cents. 


These Super Constellations will carry more than 
36,000 pounds of freight on 2,000-mile non-stop 
trans-Atlantic flights, with a maximum speed of 
375 miles an hour. Later conversion to turbo- 
prop engines would permit loaded speeds in excess 


of 400 miles an hour. 
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Typical of Canadair's fine equipment : 
a huge spar cap milling machine. 


WHAT IS CANADAIR’S Roduation Copa 2 


Canadair’s production capacity is something that never fails to amaze 
the many executives of the industry and military officers visiting the plant. 


It is a capacity great enough to handle the simultaneous production of 
3 types of military aircraft ... for the Royal Air Force, the 
Royal Canadian Air Force and the United States Air Force. 
Vignettes of 


ane It is a capacity great enough to have built fleets of luxury 
—AIR - 
CANADA 


airliners for Trans-Canada Air Lines . . . British Overseas 
Airways Corporation . . . Canadian Pacific Airlines 


and military transports for the Royal Canadian Air Force. 


It is a capacity that has the key production essentials . . . 
facilities, men, designers, engineers and experience 


. a potential of definite interest to those with 
future plans to buy aircraft. 
5 jian 
7 a large Canat 
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Corpored C47 — remodelle ‘ 
ee equipped office. - Princes House, 190 Piccadilly, London, W1, England. 
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For further information 





: European Representative, J. H. Davis 


LIMITED, MONTREAL, CANADA 
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SCIAKY S.A. 13-15-17 R. Ch. Fourier, PARIS (13 ) -+ GOBelins 28-45 
SCIAKY BROS INC. 4915 West 67 th. Street CHICAGO (U.S.A.) 
SCIAKY ELECTRIC WELDING MACHINES - SLOUGH (England) 














To and from : > 
ROME 


Egypt 
Eritrea 
Somaliland 
Libya 
Greece 
Lebanon 
Portugal 
Venezuela 
Portugal 
Brazil 
Argentina 


MAIL TA IL WA 


ALITALIA’S four-engined “SUPERMASTERS” offer an 
unsurpassable free bar and restaurant service with first-class Italian 
cooking and vintage wines. Free air mail — All the comfort of your 








own home. 


Once you have ALITALIA™ Sin, ALITALIA 


All information from your 
travel agency, 


20, Via Bissolati 
ROME 


agency or head office 














E* FAURE HERMAN 


68, rue de Il’Est MOL 17-37 Boulogne s. Seine 


Etablissements FAURE HERMAN have built fuel control equipment 
since 1927 


Latest Developments 


@ For Reciprocating Engines: 





TYPE W 520 GAUGES — _ 100-1200 LIT. 
(20-260 GALS) PER HOUR 


@ For Gas Turbine Engines: 





TYPE W. 525 GAUGES — 200-8000 LIT. 
(40-1,760 GALS) PER HOUR 


TYPE N 730 GAUGES — 300-12,000 LIT. 
(60-2,600 GALS) PER HOUR 


TYPE 640 FUEL GAUGE AND CONSUMPTION INDICATOR 


TEST BENCH TACHOMETER EQUIPMENT 
ELECTRIC TACHOMETERS 
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AVIONS DE TRANSPORT 
AVIONS MILITAIRES A REACTION 
HELICOPTERES A REACTION 


SOCIETE NATIONALE DE CONSTRUCTIONS AERONAUTIQUES DU SUD-OUEST 


105, AVENUE RAYMOND POINCARE, PARIS 16° 
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MESSIER 
| F The only firm in the world which takes 
full responsibility for all aircraft 
components concerned with 

taxying, take-off, landing and braking. 


“MESSIER 


the undercarriage specialists 








MESSITER, 58, RUE FENELON, MONTROUGE (SEINE) - TEL. : ALE. 22-36 
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Over 120 million people speak Spanish! 
You can reach them on the aircraft of © 


IBERIA 


LINEAS AEREAS ESPANOLAS 


From Madrid to : Buenos Aires, Caracas, Porto Rico, Havana, Mexico, Paris, London, Geneva, Rome, Lisbon, Canaries, Tangier, 
Spanish Morocco and the whole of Spain. 








300 























' 
| 


7 AVION CARGO 
NORD 250! 
—- 11,685 lbs 


commercial load 











Range 1550 miles 
Cruising speed 210 m. p. h. 
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SNCAN 20, rue Vernier PARIS 178 GALvani 94-52 








Two Air Forces and 
two Airline Training Schools 
standardize on the 




















This time it’s Belgium’s SABENA airline which 
has ordered Safirs for its new pilot training school. 
The list of Safir operators now includes the Nether- 
lands Government Civil Flying School, training 
pilots for the KLM Royal Dutch Airlines; the 
Imperial Ethiopian Air Force; and the Royal 
Swedish Air Force. 


Besides making the new Saab-91B Trainer/Tourer 
its standard primary trainer, Sweden’s 
Air Force is using an earlier ver- 

sion of the Safir for liaison. 





Widespread interest in this all-metal aircraft — 


designed by Saab — results from several years 

of successful Safir operations in many parts of 
the world, and in varying climatic conditions. 
Latest laurels won by a Saab Safir under 

difficult operating conditions was on the recent 
Norwegian-Swedish-British Antarctic Expedition. 
Using wheels, skis, or floats alike, the aircraft 
functioned perfectly throughout. 


CAAA SVENSKA AEROPLAN AKTIEBOLAGET - LINKOPING - SWEDEN 
—36e-— 
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O.: fast-moving age has a bad memory... The man in the street 
nowadays regards flying speeds of six hundred miles per hour as normal 
and forgets... 

He forgets that before the war speed records climbed up slowly. In 
1934 the Italian Francesco Agello set up the then considerable record 
of 709.2 km/h in a Macchi MC.72 seaplane, and it was not until 1939 
that the German Fritz Wendel created a world record of 755.1 km/h in 
a Messerschmitt Bf 109 R landplane. Both record machines were definite 
racing aircraft without any civil or military value. Both were aircraft 
with special high-performance water-cooled engines. 

The record breakers and parts of the public were carried away by 
these exploits, but designers were worried. For them every new “vic- 
tory,” every increase of a few kilometres per hour in the record, was 
ultimately a defeat. It was being realised more and more clearly that 
there was a limit to the speed which could be aimed at in those days. 
And the insatiable air staffs were even then clamouring for faster and 
faster aircraft. 

In pre-war days the limits to this development were not yet the 
“sonic barrier” of later fame, at any rate not for the airframe. The 
limits were set by the speed of flow at the propeller blade tips and by 
the power limitations of the piston engine. Thus if technical develop- 
ment in the air was not to come to a standstill new propellerless engines 
of very much greater power had to be produced. 

First thoughts at that date were probably turned to rocket engines, 
which had been experimented with since the beginning of the ’thirties. 
In Germany a rocket fighter (Lippisch Me 163) actually got to the oper- 
ational stage before the jet aircraft. But its fantastic fuel consumption 
(500 kg/min) limited its endurance to a few minutes. 

So it was that the ideas of two practically unknown young engineers, 
Whittle and von Ohain were remembered. As early as 1928 the English- 
man Frank Whittle had published the results of experiments in jet pro- 
pulsion, and had taken out his first patents in 1930. The German Hans 
von Ohain was working in the same field early in the ’thirties and 
applied for his first patent, under the name of Otto Hahn, in 1935. How- 
ever several years were to pass before these new ideas were tried out. 
It was not until shortly before the outbreak of World War II, on August 
27th, 1939, that the German Heinkel He 178 experimental aircraft flew, 
with an Ohain/Heinkel HeS 3 jet unit. This was followed on May 31st, 
1941, that is almost two years later, by the first flight of the British 
Gloster E28/39 prototype, fitted with a Whittle W.1 jet engine. In both 
cases these were first tentative experiments. The engines’ thrust was low, 
regulation inadequate, combustion unreliable, speed disappointing. On 
both British and German sides tremendous efforts—such as are made 
only in wartime—were needed before operational jet engines and jet 
aircraft were arrived at. 

By the last stages of the war this had been done. The Germans’ 
Messerschmitt Me 262 climbed from ground level up to operational 
height at a faster rate than their opponents’ bombers could fly horizon- 
tally or in a dive. The British Gloster ‘‘Meteor”’ could easily catch up 
and shoot down the German flying bomb... This is where the revolution 
in air warfare began. Piston-engined fighters now belonged to the scrap 
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heap and even bombers had to get into line and adopt their adversaries’ 
jet propulsion. 

The jet turbine had defeated the “sonic barrier” for the propeller 
blade tip by skirting it. But a new “sonic barrier,” which could no 
longer be avoided, was found to exist, that for the whole aircraft. This 
is the speed at which the drag of the wing, fuselage and tail unit sud- 
denly increase so much that the aircraft—ignoring other simultaneous 
disturbances in stability—must fly either faster or slower than the critical 
speed. In principle this last barrier has also fallen. It is shifted to 
higher speeds by using new aircraft shapes or broken through with the 
aid of super-powerful afterburner engines. This second revolution in air 
engineering is still in full swing. 

No field of aviation has remained untouched by the new problems. 
Engine manufacturers have made more and more powerful jet engines, 
they have reduced their enormous fuel consumption by improving 
compressors and raising combustion temperatures . . . all of this largely 
a question of structural materials. Aircraft designers had to develop 
smooth swept wings with low-drag laminar profiles, produce new 
strongly-swept tail units with high-placed elevator unit and to insist on 
the smoothest possible finish. Unevennesses on a laminar wing may not 
measure more than a few tenths of a millimetre. External aerodynamic 
problems were joined by so-called engine aerodynamics, which created 
an entirely new branch of research. Its importance becomes obvious 
when it is remembered that roughly 200,000 cubic metres of air must 
flow through a medium-powered engine of the size of the French 
ATAR every hour during full thrust. The majority of aerodynamic 
problems can nowadays be examined only in full-sized wind tunnels 
whose power has now risen to 150,000 h.p. (Moffett Field, USA) and 
will be 1,000,000 h.p. within a few years. 

Since the quantity of fuel carried is frequently much higher in jet 
aircraft, structural weight must also be reduced. This has been done in 
part by introducing new light metal alloys of considerably greater 
strength, in part by using new production methods, such as extra-long 
metal sheets and metal bonding (in the “Comet”), new monocoque 
construction methods (at Faireys), stressed skin with integral stiffening 
(at Lockheeds). 

Finally a new field has opened up for the accessories manufacturer. 
New regulating equipment for the engine, new special instruments for 
pilotage, pressure ventilation systems for high altitude flight, more 
efficient radio navigation equipment, etc. 

If this is not a revolution | 

The man in the street will now ask : What is the use of this revolu- 
tion ? Will it just lead to men wiping each other out even more rapidly 
and more thoroughly ? Unfortunately this “attendant phenomenon” 
will still be unavoidable... 

A moral revolution—and every kind of progress, the technical above 
all, is moral in its ultimate aim—takes mankind a step forward. What 
is suitable for the fighter and bomber must sooner or later also find its 
place in commercial aviation. High speeds are not a military monopoly, 
but the incarnation of modern transportation. 

The jet engine has revolutionized flying ! 
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Jet Propulsion—a Strain on Men and Nations 


BY PIERRE M. GALLOIS, PARIS 


do have decisively influenced world strategy, caused departure bases 
to be moved from one continent to another, overthrown dogmas and 
doctrines almost before they have been formulated, become a burden 
on the economies of nations, forced them to sacrifices and the renun- 
ciation of cherished hopes, reached the limits of human endurance and 
even caused revolt, such are some of the results of that difficult combi- 
nation, the triumph of jet propulsion and rearmament. 

To obtain both technical progress and production, quality and quan- 
tity, has always been a complicated task. The Third Reich, following 
an audacious development policy, had been able to design revolutionary 
equipment capable of preventing the invasion of its air space, while on 
the other hand America had created a vast production machine without 
new prototypes to feed it. Today it is obvious that the conventional has 
had its day, though interim equipment is still in service. Either because 
its possibilities were imperfectly grasped, or its difficulties under- 
estimated, or even because it led to a relaxation of efforts at a moment 
when the latter should have been redoubled, jet propulsion misled the 
technicians of yesterday and takes the planners of today by surprise. 


Three aircraft, three strategic concepts 


If the future historian recognizes the importance of the air arm, he 
could scarcely find a better basis for his attempts at explaining the mid- 
century anguish we are living through than the evolution of the Ameri- 














can heavy bomber between 1945 and 1960. He will be able to dis- 
tinguish three periods when technical developments and politics have 
been sufficiently closely interwoven for the demands of the former to 
have laid down the generally complex outlines of the latter. 

Up to the end of the last war, the B-17 “Flying Fortress,” with piston 
engines, rendered the British Isles and North Africa of strategic value. 
The range and speed obtained and the bomb load carried represented 
the best compromise possible with the technical methods then available. 
Two years later, the B-36, combined with the atomic bomb designed to 
‘discourage aggression,” enabled the departure bases to be drawn back 
suddenly on to the United States’ own territory. 

At the time there was virtually no other technical solution but to 
sacrifice speed in favour of range. However, the means of defence also 
progress rapidly, and it became clear that to found a political attitude on 
a single weapon, capable of triumphing over geographical space, but 
vulnerable to attack, was to base the nation’s security on a mere illusion 
of force. 

Today the B-47 jet bomber has come along to complete the West’s air 
armour and to add the weapon that was missing. This machine gives 
the West the advantages of speed, but deprives it of those of range. 
Thus it once more gives value to close-range positions and brings the 
departure bases back across the ocean to the Old World. The experts 
believe that the B-47 could pierce the strongest defences and that 
present-day manned interceptors would have great difficulty in holding 
them back. This situation will probably remain unchanged for the next 
three or four years. 

It is now that the almost simultaneous first flights of the Boeing 
B-52 and the Convair B-60 come along to show the efforts that have 
been made to obtain both the speed that reduces vulnerability and the 
range which permits of long-range operations and even, for the United 
States, retaliation from actual American territory. If the methods of 
defence against raids by near-sonic bombers did not keep pace with 
the evolution of the latter machines, the cycle would probably close 
with a fresh removal of departure bases across the ocean, and with the 
return of air isolationism. 


They are formidable even when immobile 


The game is being played out today in the laboratories and design 
offices. Designers have had to pass via the two B-36 and B-47 stages to 
get to a model combining the qualities of the two. True, the engineers 
have performed no miracles, and the two new heavy bombers destined 
for the Strategic Air Command must still incorporate a compromise 
between two types of performance which have long been irreconcilable. 
However, it will certainly have been on the side of speed that the design 
offices will have come down most heavily. The air instrument demanded 


THREE BOMBER TYPES—THREE STRATEGIC CONCEPTS : Top to bottom: 
Convair B-36 B “Conqueror” long-range bomber ; Boeing B-47 “Stratojet” high-speed 
bomber ; Boeing YB-52 “Stratofortress” long-range, high-speed bomber. 
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USA: From the Republic P-47 “‘Thunderbolt”’ to the Lockheed F-80 B “‘Shooting Star.” 
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d to by Alexander Seversky is thus taking form. If allowance is made for 

yack improvements in the means of defence, the only way the bomber can 
retain its supreme power is to organize such air armadas as described by 

t to the author of “Air Power, Key to Survival.”’ Aircraft carrying A or H 

also bombs, protected by a belt of anti-missile machines equipped for electro- 

>on magnetic warfare and covered at a distance by air scouts and escorts, 

but perhaps even followed half way by tanker aircraft, would form a 

sion winged and almost sonic version of the surface fleets of yesterday. It 
would also have this in common with the great naval fleets of the past ; 

; air the engagement of such an armada would be so dangerous that the 

ives enemy would rather attempt to immobilize it at its bases, as was done 

ge. of old with fighting ships. Again as of old, it would be used as a threat 

the in negotiations. 

erts Thus, ten years behind fighters, jet propulsion will have imposed 

hat itself on the bombers. And it will have been even more effective there. 

ing 

ext Jet propulsion has supported the myth 
of the all-purpose aircraft 

ing If it will have taken twelve years to progress from the B-17 and B-24 

Oa to jet bombers with comparable performance in speed, range and useful 

me load, it will not have taken much less for fighter types to make full use 

we of the possibilities of the new means of propulsion. 

x Five years ago a test pilot, flying the F-80 “Shooting Star” for the 

3% first time, could not help comparing this machine with the P-47 “Thun- 

aay derbolt.” In performance and manoeuvrability the results obtained 

~ were vastly superior, but the F-80 B resembled an extension of the P-47 
rather than a revolutionary machine. There is the same kind of family 
likeness between the “Spitfire” and the ““Vampire.”” When the Gloster 
E 28/39 had successfully made its first flight in 1941, and Gloster and 

gn de Havilland on this side of the Atlantic, Bell, Lockheed and Douglas 

to on the other, set to work to design the first jet combat aircraft, the 

ers general configuration of their machines was determined only by the 

ed substitution of a new type of power plant for the old. 

ise 

le. Grave error of cost 

gn When the future “Shooting Star” had been designed and built in 

ed record time, a great hope was born in the hearts of the initiated. Al- 
though the P-80’s performance was greatly superior to that of the P-38 

nf “Lightning,” although the new type carried armament at least equal to 
that of its predecessor, it took exactly half the working hours to produce 
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on Lockheed’s lines. Thus not only had a line of development been 
found which would catapult military aviation through the sonic barrier 
and up to the stratosphere, but also all this could be done at relatively 
low cost. 

Those who visited the exhibition organized by the RAF in the ruins 
of a building in Oxford Street in 1945 have not forgotten the surprise 
they felt on seeing, side by side, the simplicity of the jet engine used by 
Whittle for his E. 28/39 and the frightening complexity of the last 
piston engine fitted in the Hawker “Tempest.” These same people 
thought that the age of the stove-pipe engine was at hand and that at 
last combat aircraft could be designed, built and paid for for combat, i.e. 
for destruction. It is quite unnecessary to say that an examination of the 
credits appropriated for the design and production of jet combat air- 
craft today gives quite a different idea of the financial side of jet propul- 
sion. 

This is natural enough. As speeds increase, the stress borne by the 
airframes also increases. The engineer has to fight against aero-distortion 
and vibrations, and he pays for his victory in greater rigidity of his air- 
frame. The heat generated by air friction on the skin necessitates extra 
cooling equipment, which adds weight, bulk and cost. High altitudes, 
realm par excellence of jet aircraft, demand a complicated and costly air 
conditioning system, which has to create virtually normal conditions of 
existence in rarefied atmosphere without running the risk of explosive 
decompression in the event of a combat accident or technical defect. It 
must also be possible for the crew to abandon the aircraft in flight, so 
that not only Mae Wests but also life buoys, or a combination of both, 
must be carried. 

Finally metallurgists must find new alloys, engineers design new 
shapes, workmen machine new types of surfaces, electronics and 
accessories experts find new solutions to the problems of controls, 
artificial vision, acceleration, navigation and gun firing, take-off and 
landing aids ; in brief new efforts must be made which considerably 
enlarge the field of research and production. 

Even in peacetime there is no relation between the nature of the air 
staffs’ financial worries and those of the civilian operator. Calculations 
show that despite the dizzy increase in the price of modern transports, 
the user gets at least the same amount of work out of them per dollar 
invested as he did before the war. It has been said that for every 
100,000 dollars spent on the purchase of a commercial aircraft in 1950, 
the amount of work performed is in the region of 1,150 tonne-kilometres. 
This figure is very little different from the result of a similar calculation 
for a 1939 type commercial aircraft. 

For the military services the question is very different. In ten years 
speeds have been multiplied by three, ceilings by two, loads carried by 


Oxygen pressure suit and ejection seat (Martin Baker) are today essential items of 
equipment for high-speed high-altitude jet aircraft. 
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The ancestors of the jet-powered fighter 
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1942 45: Lippisch Me 163 rocket fighter (alias Ju 248 and Yak 21): 620 m.p.h. 
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1943.45: Messerschmitt Me 262 jet fighter (alias Lavotchkin La 15): 580 m.p.h. 








1947-52: North American F-86 “Sabre” jet fighter : 650 m.p.h. 





1940-52 : Leduc 010 subsonic ramjet aircraft : 635 m.p.h. 
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five or six and, in certain cases, ranges have been maintained more or 
less constant in spite of the new power plants’ appetite for fuel. Of 
course, destructive power is incomparably greater and air action can 
be taken almost instantaneously. But none the less there is no immedi- 
ately remunerative “work” to compensate for the increase in the cost of 
providing and maintaining a military jet fleet. When the American air 
staff recommended the 70-wing plan in June 1950 and laid the bases for 
its air rearmament, it found that the B-36 might well have hemispheric 
range but that it cost 5,600,000 dollars instead of the 240,000 dollars’ 
of its predecessor, the B-17. Similarly the Northrop F-89 “Scorpion” 
has very different performance from the F-61 “Mustang” and is in-} 
finitely better than yesterday’s single-seater fighter for interception. 
missions in bad weather. But it figures in the USAF budget at 

1,300,000 dollars instead of the 55,000 dollars which the ‘‘Mustang”’ 

cost. The experts on the other side of the Atlantic remembered sadly 

that by spending 16,000,000,000 dollars in 1944 their country got 

96,000 aircraft in return. 

The programme launched by Carl Vinson in 1950 called for the 
production of 4,430 new aircraft and the expenditure of 4,200 million 
dollars. Six years before, the average price of a military aircraft was 
roughly 166,000 dollars, whereas today the cost is around 955,000 dol- 
lars per machine. That is, the cost of flying equipment has been mul- 
tiplied by six in six years. The nations’ resources in general have not 
increased at anything like the same rate, and no country can boast of 
having multiplied by six in so short a time what the military economists 
call the “gross product” of a national economy. 

Thus the new requirements born of the tremendous demands of jet 
aviation have been covered on the one hand by a general increase in 
military credits and an increase in the share of these credits allocated 
to the air forces, and on the other by a reduction in the number of air- 
craft put into service. 

The less powerful nations will be the first to suffer—and in the most 
irremediable manner—the effects of these initial investments. Some 
countries, once they have paid for the indispensable fundamentals for 
their air power, have nothing left for the units which would justify such 
investment. 


Jet propulsion falls more heavily on some than on others 


These technical and financial considerations have created a new ait 
hierarchy among the nations. The most powerful can still afford both 
the means of research, design and production, and the corresponding 
air forces with the essential auxiliary services needed to put them into 
operation. Such is the case of the United States (22,000,000,000 dollars 
air appropriations) and the USSR (about 30,000,000,000 roubles for the 
air arm). 

Other countries, such as Great Britain, have reached their financial 
limits and are trying to compensate for the inadequacy of the available 
funds by the quality of their engineering and the export or sale of 
licences. Others again, such as Belgium and Holland have practically 
decided against the maintenance of the tremendous research and devel- 
opment machine which is essential to aeronautical progress. These 
countries are contenting themselves above all with producing under 
licence and buying the extra flying equipment they need. France, 
anxious to face up to the avalanche of financial demands, has narrowed 
the fields of her design and production activities and is concentrating, 
within the framework of inter-Allied agreements, on performing a more 
limited task well, creating air units equipped with both French and 
foreign flying-equipment. 

The ground organization for jet aviation is just as demanding as the 
aircraft themselves. Where a simple grass field was sufficient twelve 
years ago, concrete runways must now be built. Since flying has become 


VOLUME VII — No. 6, 1958 








pow 
requ 
spec 
of tk 
after 
inch 
grea 
betw 











1952 








impossible without concrete runways the length and cost of the run- 
ways have constantly increased. Yesterday a 2,000-yard runway repre- 
sented a valuable aeronautical asset. Today such a runway is useless if it 
cannot be lengthened by another thousand yards. Yesterday the siting 
of new airfields was easy. Today Western Europe’s topography offers 
little scope for the type of aerodrome now required. From a dot on the 
map, the airfield has grown to an area, or rather a considerable volume, 
taking into account the space required for jet aircraft manoeuvres. The 
co-existence in Europe of a fighter and ground attack force and a 
network of commercial air routes upsets all calculations. Here, too, it 
is not every country that is sure of being able to pay for its highways 
of the skies. This again is beyond the financial capacities of certain 
countries, which have to rely on the assistance of their more wealthy 
neighbours. 


Men too, are needed—the best there are 


And it is difficult to imagine, so often have past hopes been disap- 
pointed, that some new technical advance will come and upset this 
tendency, and overthrow the present hierarchy of industrial and eco- 
nomic fortunes. 

For the problem of finance is accompanied by the problem of man- 
power. The operation of a combat force of 15,000 to 18,000 aircraft 
requires the maintenance of 175,000 to 200,000 men, most of them 
specialists. In this field, too, there has been an inflation similar to that 
of the corresponding credits. In 1939-45 ten men were sufficient to look 
after one aircraft, but today a hundred are required. And this number 
includes a growing number of specialists, who must have greater and 
greater knowledge and skill. The following table shows the relationship 
between aircraft and personnel in a number of different countries : 








USA G.B. USSR France Italy 
Operational aircraft 10,000 3,000 25,000 1,200 250 
Strength 900,000 250,000  900,000(?) 120,000 25,000 
Personnel per aircraft go 83.3 36 100 100 





Physically the demographic limit has almost been reached, at any rate 
in the peacetime economy. With the system of short-term military 
service where the annual contingents of men fit for service amount to 
about 12% of the total population, it is obvious that not all countries 
can afford simultaneous ground, naval and air forces of an appreciable 
size in relation to present-day military powers. 

Then there is also the question of quality. Not so long ago the intel- 
lectual and physical standards demanded of the F-86 pilots in Korea 
led to the following paradox: the most powerful air force, whose 
strength is founded on one of the widest demographic bases there is 
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Yesterday almost any old field was suitable as airstrip for dive bombers. Today’s tactical jet aircraft require runways several miles long. 
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and whose personnel is surrounded with every care and provided with 
every possible equipment, did not have enough pilots to increase or 
reinforce the air formations fighting above the Yalu. According to the 
experts, it would either have been necessary to permit excessive fatigue 
in the personnel, with the attendant risks, or else to make do with a 
reserve of a few hundred crew members only. If the same strict standards 
were observed in the selection of European crews, who should we find 
to man the squadrons of the Old World ? The British Under-Secretary 
of State for Air recently stated in the House of Commons that the 
expansion plan for the RAF would require the training of some 3,000 
crew members this year. Assuming that one out of eight of the candi- 
dates meets the intellectual and physical requirements, and assuming 
that about 20% drop out during training, nearly 30,000 volunteers 
would be needed to be sure of getting the 3,000 crew members required. 
This figure gives an idea of the privileges of one sort and another that 
must be given in order to get so many volunteers. Here again the 
question of finance comes in. 

Does this exhaust the thousand and one difficulties raised by the 
tremendous increase in performance of jet aircraft ? 

Not entirely. Man is not only the inventor of new equipment, but 
also its operator. And at times there is war between the progeny of the 
engineer and the reactions of the user, who finds himself pushed to the 
limits of his intelligence and his physical endurance. 

The case of the reservists at Randolph Air Base illustrates this fact. 
At the bottom of this affair there is not so much the dangers of flight 
as the dangers of a return to training after a spell of civilian life. When 
the recalled reservists were presented with the aircraft they were to 
pilot, they undoubtedly found them very different from the ones in 
which they had shone in the Pacific or in Europe. “These aircraft are 
too heavy, too fast, too complicated,” said one of them. Technical 
design had advanced, but man had remained what he was when he first 
encountered the air arm. Hence his revolt against the new conditions 
of service in equipment which seemed to him almost revolutionary. 
Similar reactions are encountered in the training of reserves and the 
effort to increase the number of specialists in the regular forces. Here 
again the limitations with which the West must reckon risk placing a 
heavy strain on the air arm it is trying to build up. 

The designer must today work to a new concept. He must pay greater 
attention to the fatigue of his structures than to their immediate resis- 
tance to static tests. Jet propulsion, through the strain it imposes, 
fatigues materials. Man too, even if he does not give up altogether in 
front of the wall of new performance, is fatigued by an excess of strain. 
Tomorrow quite different solutions will. be found, but these must be 
prepared today. If not, creation itself, having ceased to have an object, 
will no longer have any sense. 
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The U.S. Air Force’s Eight-Jet Bombers 


(). April 15th, 1952, the Boeing YB-52 eight- 
jet bomber took off from Boeing’s Seattle air- 
field on its first flight. Three days later, on 
April 18th, another representative of the same 
class, the Convair YB-60, took to the air at 
Fort Worth, Texas. The first heavy jet- 


powered long-range bombers in the United 
States Air Force have thus entered the flight 
testing stage, and a decisive step towards the 


creation of a fleet of strategic jet bombers has 
been taken. Without waiting for the results of 
the test flights the U.S. Air Force has already 
ordered a pre-production series of the Boeing 
bombers. 

The matter-of-fact announcement of these 
two first flights gives no hint of the lively 
history of the two bomber types. Boeing began 
development work on the B-52 in the autumn 





Boeing “Stratofortress” : Span 185 ft., length 153 ft., height 48 ft. 
The second prototype (YB-52) of the Boeing “Stratofortress” taking -off on its first flight from Boeing’s Seattle 


airfield, Washington. 





The Convair YB-60 taking off on its first flight. 


Convair YB-60 ; Span 206 ft., length 171 ft., height 50 ft. 





of 1947, but for a long time its future was very 
undecided. Originally it was to be built for 
propeller turbines ; later eight jet turbines 
were decided upon, and in the spring of 1950 
the experts were saying that two prototypes 
would be built but quantity production was 
out of the question. It was not until a year 
later that the Air Force decided on quantity 
production of the B-52 “Stratofortress,” to 
call it by its full name. 

The YB-6o, on the other hand, is still in the 
pure prototype stage, although there was at 
one time talk of quantity production. 

The Boeing YB-52 (a first prototype, X B-52, 
was built before the “Y” version, but never 
flew), and Convair YB-60 are shoulder-wing 
monoplanes with swept wing. The Boeing 
bomber has a bicycle undercarriage with side 
wheels under the outer wings ; Convair chose 
a conventional nose-wheel undercarriage for 
its machine. Both have used the same prin- 
ciple for the arrangement of the engines (in 
both cases Pratt & Whitney J-57 jet engines 
of approx. 10,000 lbs. thrust). The eight units 
are suspended in pairs on struts beneath the 
wings. 

Naturally no exact details are available for 
either aircraft. However, both will probably 
have a take-off weight of approx. 160 tons, 
and their super-powerful engines will enable 
them to exceed 620 m.p.h. at about 60,000 ft. 
altitude. Originally developed to the same 
specifications as the Convair B-36, the YB-52 
and YB-6o should be able to carry a bomb load 
of 4% tons over 8,600 nautical miles. The fact 
that the Boeing model is equipped for in- 
flight refuelling suggests, however, that this 
range requirement is not fully met, though 
both types should be able to cover 5,400 nau- 
tical miles non-stop (without refuelling). 

Last but not least the creation of these two 
giant bombers is a triumph for the engine 
designers. The apparent uncertainty in the 
choice of engines in the early development 
stages of the B-52 indicates that the jet engines 
then available did not come up to specifications. 
Not until the appearance of super-powerful 
units with a thrust of 10,000 Ibs. and over could 
aircraft designers translate such tremendous 
projects as the YB-52 and YB-Go into reality. 


A.M.‘“Tex’”’ Johnston (pilot, right) and Lieut. Colonel Guy 
M. Townsend (co-pilot) after their first flight in the Boeing 
“Stratofortress.’’ Johnston stated afterwards that the 
flight had been completely satisfactory in every way. 
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The annual report for 1951 which American 
Airlines—the most powerful company in American 
domestic air transport and one of the most powerful 
in the world—has recently published states that the 
company is still interested in the development of a jet 
airliner, but does not think that these aircraft will 
be in service for some years to come. 

Yet on May 2nd, 1952, this statement will be 
refuted, when a jet airliner of the “Comet I” type 
makes its maiden flight on the London—Johannes- 
burg “Springbok Service.” After May 2nd, 1952 
British Overseas Airways Corporation will actually 
have jet airliners in service ! 

Then we shall see from a practical example, 


I will not presume to enter into technical 
discussions of the advantages and disadvan- 
tages of jet airliners. There can be no argu- 
ment about the fact that the “Comet Mark I” 
does not have a very long range, that it is much 
more sensitive to high ground temperatures 
on take-off than the conventional airliner and 
that it has a long landing run. These short- 
comings exist—what new aircraft has no 
weak points >—but they become insignificant 
in the face of its astounding cruising speed... 
the alpha and omega of air transportation. 

I shall come back to the question of speed 
later. At the moment I merely wish to tell you 
about my flight from Hatfield via St. Nazaire 
to Paris, a flight made at over 32,800 ft., which 
lasted two hours ten minutes—including take- 
off and landing—at an average speed of 465 
m.p.h. 

* 

The aircraft was the G-ALYP, No. 3 of the 
Mark IJ series. It carried 36 passengers and a 
crew of four. De Havilland’s chief pilot, John 
Cunningham—who had already chalked up 
1,000 hours at the ““Comet’s”’ controls—acted 
as first pilot. 

The passengers’ cabin recalls that of the 
Douglas DC-4. 
comfortable chairs, a wide gangway. Each row 
contains four seats, two on either side of the 
gangway. In the outer seats the roof may seem 
a bit low. 

I settled myself down behind the wing 
trailing edge and fastened myself in... The 
aircraft taxied along the runway, as smoothly 
as a Cadillac. If I hadn’t heard a slight hissing 


Wide windows, more than 
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the ‘“‘Comet’’ 


whether the doubting Thomases, who do not believe 
that commercial aircraft with jet propulsion are yet 
ripe for operational use and give all kinds of technical 
reasons for their attitude, are right, or whether they 
are wrong and traditional aircraft with reciprocating 
engines must gradually give way to jet propulsion. 
It may be that the jet airliner’s superior speed will 
prove so attractive that the travelling public will 
insist on jet propulsion, leaving piston engines to 
cargo aircraft... 

We prefer not to risk an opinion, but rather to 
wait on events... The following is a report by the 
head of “‘Interavia France’ on his flight in the 
“Comet.” 


noise, a light whistling, I shouldn’t have no- 
ticed that the engines had been started up. 
There was no test run by the engines, just 
thirty seconds taxying on the ground, and 
we were in the air, climbing at a steep angle. 
Twenty-six minutes later we were flying at 
35,000 feet. 

The pilots’ cabin ? 
Crews have probably never yet worked under 
such pleasant conditions. The Mach meter 
showed 0.7 and the thermometer an outside 


Calm, noiseless... 


temperature of minus 579 C. The small num- 
ber of instruments is striking, though they 
include one which has not hitherto frequently 
been seen in commercial aircraft, the accelera- 
tion indicator. 

Let us take a brief walk through the cabin, 
from front to back, to listen to the various 
noises. I have already mentioned the excellent 
sound-proofing. Apart from the passengers 
in the last eight seats or two rows, the noise is 
no greater than in the best seats (at the rear) in 


Intermediate landing at Livingstone, during the trial 
runs from London to Johannesburg. 





INTER-ISCAVIA 








The “Comet Mark I’’ flying above a bank of clouds at 
35,000 ft. 


a “‘Constellation.”’ Also what noise there is is 
quite different from that in traditional aircraft. 
In the “Comet” one has the sensation of being 
in an electric power station. But in the eight 
back seats the noise of the jet exhaust is really 
painful. (It is hoped to overcome this fault in 
the ‘“‘Mark II”’ series, since the engines are 
fitted at an angle of 7 degrees to the aircraft’s 
longitudinal axis). No vibrations are felt in 
any part of the cabin. 

Is there any other remarkable sensation ? 
Not the slightest. Pressurization, ventilation, 
temperature... All is perfectly controlled. 
The return to sea level pressure, when the 
aircraft comes down to 20,000 ft., is imper- 
ceptible. 

The sky was deep blue and there was a 
thick cloud layer underneath the aircraft—at 
a height of about 13,000 ft. Through the gaps 
towns and villages looked truly Lilliputian. As 
we flew over Paris I could see the Place de 
l’Etoile hardly bigger than a small coin. 

The actual speed makes no impression on 
the passenger. We flew from St. Nazaire to 
Paris in 36 minutes. The steep rapid descent— 
made possible by the dive brakes—is unfelt, 
thanks to the pressurization. 

During the approach to the landing the speed 
is very impressive and the final run seems very 


long... Jet engines have no braking pro- 
pellers... But the passenger notices nothing 
of this. 


+ 


The customer is always right. 

What does the customer want in air trans- 
port ? The maximum possible speed, combined 
with safety and certain irreducible standards of 
comfort. No other considerations interest him. 
The technical side is the engineer’s headache : 
let him worry about it... The conventional air 
liner will have no more power to hold back the jet 
airliner than the stage coach had to prevent the intro- 
duction of the railway. 

The main argument of those who oppose 
the “Comet” is that it is uneconomic at today’s 
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air fares. But where is the air traveller—they 
mostly have money—who. would not be pre- 
pared to pay a supplement, perhaps even a 
fairly heavy one, to cut down his journey by 
30 or 50%. Ask the regular travellers on the 
Europe-South America route—the range of 
the “Comet Mark II” is sufficient to cover the 
South Atlantic—what they would give if 
instead of 30 hours, they had only to stay 
chained to their seats for 17 or 18. 

In other words the introduction of faster 
aircraft implies success in first class traffic. Jet 
airliners are reminiscent of fast luxury trains, 
for which the rail passenger also pays a supple- 
ment. This, of course, holds good only up to 
the day when propeller-driven aircraft dis- 
appear from long-distance passenger services 
and are used only for cargo or short runs. 


* 


The “Comet” has been ridiculed: it has 
been called a toy. If it is a toy, it is by no 
means a negligible one, or one that should be 


The world’s first jet-propelled transport 
aircraft which entered into regular commercial 
operation with BOAC about a month ago has 
long preoccupied the technical staffs of the 
airline companies. How much payload can the 
aircraft carry, what is its range ? What are the 
required fuel reserves, how long must the 
runways be ? How does one establish a flight 
plan, and what are the special operational pro- 
blems ? These are some of the questions to 
which each operator will seek the answers 
through his own investigations. The follow- 





On February 16th 1952 the first “Comet Mark II’’ made its initial flight from Hatfield. 
The “Avon” engines necessitated a considerable enlargement of the air intakes. 
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The “Comet Mark II” (Rolls-Royce ‘“‘Avon”’), thanks to 
its longer range, could be used on the South American 
run. 


underestimated by its competitors. It flies, it 
will go on flying and will be developed into 
mote efficient models. 





ing brief indications may be useful in this 
connection. 
* 

The de Havilland D.H. 106 “Comet” was 
designed in 1946 ; its first prototype flew in 
July 1949. Two models are now in produc- 
tion, differing from each other merely in power 
plant (and size of air intakes) : the “Mark I,” 
powered by four de Havilland “Ghost” cen- 
trifugal jet engines with one-sided impellers 
(of 5,000 Ibs. static thrust dry at sea level) ; 
and the “Mark II” with four Rolls-Royce 
“Avon” axial-flow turbines (of 6,500 Ibs. 
static thrust each under similar conditions). 
Both versions can carry either 36 or 44 passen- 
gers ; the flight crew consists of four men plus 
a steward and/or an air hostess.—Let us now 
see what the measuring tape tells us. 
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British air transportation—whether one 
likes to admit it or not—will get a jump ahead 
through this effort of de Havilland’s and the 
British authorities. Sooner or later, of course, 
other countries will catch up. But this may 
take some time, for even the layman knows 
what it means to design and build an aircraft, 
try it out and finally get it into quantity pro- 
duction. 


If the ““Comet”’ could tomorrow be used not} 


only on the Springbok service but also on the 
North Atlantic—for which it has not yet the 


necessary range—the demonstration would 


be even more effective. 

The whole story recalls the advent of the 
sound film. The doubters didn’t believe that 
films could be made to talk; they thought 
“one would hear nothing but whispering or 
stuttering ...” 

Perhaps tomorrow is the day of the jet 
airliner, and the piston-engine will be a thing 
of the past in international traffic. 

Georges Février 


oe the “Comet” with a Slide-Rule 


Dimensions 
Span 115.0 ft. (35.05 m) 
Length 93.0 ft. (28.35 m) 
Height 28.4 ft. (8.66 m) 
Wing area 2015 sq.ft. (187.2 m*) 
Wing chord at root 29.5 ft. (9.00 m) 
Wing chord at tip 6.8 ft. (2.06 m) 


20°- 
42.7 ft. (13.00 m) 
28.5 ft. (8.66 m) 
10.3 ft. (3.12 m) 
9.8 ft. (2.98 m) 


Sweep-back at 25% chord 
Span of tailplane 

Wheel tread 

Fuselage diameter, outside 
Fuselage diameter, interior 
Length of passenger cabin 38.0 ft. (11.60 m) 
Maximum height of cabin 6.6 ft. (2.00 m 
Volume of baggage and cargo holds. 385 cu.ft. (10.9 m4) 


Now the weights: According to the most 
recent data the fully-equipped empty weight of 
the “Comet Mark I” is 51,120 lbs..(23,200 kg)y 
which includes radio and the “‘Zero-Reader”™ 
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Passenger-A ppeal : The BOAC version of the “‘Comet I” carries 36 passengers. Eight of them are accommodated in the forward compartment, the others in individually- 
adjustable chairs (with folding tables) in the main cabin; at the right is one of the washrooms. 






















































































ng or 
Weights 
blind-flying equipment. The “Mark II” will probably be heavier only 
1e jet : . MARK | MARK Ii 
by the extra weight of the larger power plant and thus will be about (“Ghost”) Ibs. (“Avon”) Ibs. 
thing 52,000 Ibs. (23,600 kg) without useful load. The maximum permissible 
‘ 5 Empty weight, fully equipped . 51,120 52,000 
take-off weight of the “Mark I” is 110,000 Ibs. (49,895 kg) and Lubricant (16 imp. gals) 145 145 
ori Crew (4+ 2) 1,250 1,250 
vrier Passenger stores 595 595 
(1) Operational empty weight (dry) 53,110 53,990 
Number of passengers (e.g., 36) (e.g., 44) 
Passenger weight incl. hand baggage 6, 780 
Passenger baggage (44 Ibs. pass.) 1,580 1,940 
Freight (limited by volume) 2,700 2,470 
(2) Payload 10,640 12,190 
Residual fuel, not for use 500 500 
Reserve for thermal de-icing 1,000 1,000 
15 min. stacking at 20,000 fc. 1,400 1,500 
15 min. stacking at 1,000 ft. 1,900 2,100 
260 naut. miles deviation plus 10% 4,950 4,350 
(3) Minimum fuel reserve 9,750 9,450 
Take-off and climb to 40,000 ft. 9,000 7,400 
Descent from 40,000 ft. 1,900 2,500 
Landing approach 5 mins. 850 900 
Fuel available for cruising 24,750 28,570 
Seating arrangement for 44 passengers : eight in the forward compartment and 36 in 
the main cabin. The six-man crew consists of the following : in front the two pilots, (4) Maximum point-to-point fuel 36,500 39,370 
behind them to port the navigator and to starboard the radio operator ; the steward in 
the galley (opposite the luggage compartment); the air hostess next to the passenger Take-Off Weight (Sum of 1 to 4) 110,000 115,000 
entrance. 














Left : Pilot appeal. Excellent vision, relatively few instruments and levers. Installed are : Zero-Reader to facilitate instrument flying : Machmeter, accelerometer, gyro-compass 
and gyro-horizon, ILS, ADF and VOR/DME receivers ; automatic pilot. All the controls for the ancillary aircraft systems and services are grouped together on a panel on the 
starboard side of the flight deck, where they can be seen by the captain and easily reached by the co-pilot (or radio operator). Oxygen is provided for emergency use. 







Centre : Arrangement of the controls and instruments necessary for the operation of the electrical, cabin air, thermal de-icing and fuel systems. 






Right : The radio-operator is responsible for the HF transmitter, the MF/HF receiver and the Marconi automatic radio compass. In addition, the radio equipment includes a 
70-channel VHF radio telephone. 
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of the “Mark II” 115,000 lbs. (52,165 kg); the maximum permissible 
landing weight of both versions is 80,000 lbs. (36,290 kg). Since the 
fuel tanks, with a capacity of 7,000 Imp. gals. (31,800 litres), will carry 
up to 55,800 lbs. (25,300 kg) of kerosene (JP-1), these figures represent 
a milestone in commercial air transport design, inasmuch’ as the 
“Comet” can carry more fuel than its empty weight. However, with 
its tanks brimming over the balance of the useful load—crew, payload, 
lubricant—would amount to only 3,080 Ibs. (1,395 kg) for the ‘Mark I” 
and 7,200 lbs. (3,265 kg) for the “Mark II.” This unusually favourable 
weight ratio was obtained by ingenious weight saving in construction : 
use of high-strength aluminium alloy to reduce the gauges of the mate- 
rial employed ; outsize skin panels to eliminate rivets ; riveting replaced 
by the Redux metal bonding process wherever possible, such as for 
stiffeners, window frames, floor beams, etc. The foregoing table is a 
breakdown of weights for maximum payloads and minimum fuel 
reserves, i.e., for the maximum point-to-point fuel available. These 
weights were calculated with the s/ide-rule. 

It should be mentioned here that the extremely low fuel reserves 
for stacking can be obtained only under particularly favourable operating 
conditions, for example, by agreeing on a specific Estimated Time of 
Arrival by teletype even prior to the “Comet’s” take-off for a busy 
airport and by fixing the Estimated Time of Departure accordingly. In 
view of the high flying speed it should be possible to adhere to the ETA 
agreed upon before the start with sufficient precision (+ 3 min.). Any 
increase in reserve fuel would severely affect either range or payload. 
With the indicated reserves and payloads the following ranges are 
possible : 





MARK | MARK I! 


410 naut. miles 
1,660 naut. miles 





370 naut. miles 
1,230 naut. miles 


Distance covered in climb and descent 
Cruising distance (with operation reserves) 





Still-air range 1,600 naut. miles 2,070 naut. miles 





These figures are based on a cruising consumption of 17.5 lbs. per 
nautical mile for the ‘‘Mark I” and 15.0 lbs. per nautical mile for the 
“Mark II,” both at a cruising altitude of 40,000 ft.; in addition, a 
reserve of 15%, was assumed to allow for minor navigation errors and 
altitude variations, thrust losses of the engines and drag increases of 
the airframe, as well as outside temperature variations and speed losses 
in zones of turbulence. However, the effect of wind is not taken into 


account, so that consideration also has to be given to high-level winds 


of up to 80 knots. In a four-hour flight the range can therefore be 
increased or reduced by 320 naut. miles. For the sake of completeness 
the (calculated) cruising speed and climbing performance is given below : 








MARK | MARK II 
Cruising speed (35,000 to 40,000 ft. alt.) 427 knots 435 knots 
Time to climb to 40,000 ft. 42 mins. 39 mins 
at take-off weight of 110,000 Ibs. 115,000 Ibs. 
at a forward speed of 305 knots 290 knots 





The take-off distance of any jet-propelled aircraft depends very heavily 
on the outside air temperature, as well as on the altitude of the field 
above sea-level. If it is stipulated that in the case of the failure of an 
engine at the critical moment of the take-off the pilot shall have the 
choice between a discontinuation of the take-off, i.e., braking the 
aircraft, or pursuing and reaching a height of 50 ft. (15 metres) at the 
end of the runway, the “Comet Mark I’’ will require a minimum runway 
length of2,450 metres when taking off at an all-up weight of 110,000 lbs. 
at sea level and a “normal temperature” of 15°C. Should the outside 
temperature be 30°C, the runway length would have to be 2,700 metres, 
or else the useful load would have to be reduced by 5,000 lbs. For 
these reasons the take-off of the “Comet” from tropical or sub-tropical 
fields (Cairo, for example) will have to be arranged to take place either 
early in the morning or late in the evening, which means that the flying 
schedules would have to be adapted accordingly. 

Landing, on the other hand, offers no problem. At the maximum 
permissible landing weight. of 80,000 Ibs., the wing loading is only 
40 lbs./sq.ft. ; thanks to the high efficiency flaps, the touchdown speed is 
low. For purposes of aerodynamic braking, the “Comet” can be kept in 
a tail-down attitude until it reaches a taxiing speed of about 52 knots. 
Sixteen sturdy wheel brakes (two per wheel) are then sufficient to bring 
the aircraft to a stop. 

As regards the organization of ground operations, this is still a 
controversial problem. There is no doubt that excessive taxiing or 
prolonged idling of the engines prior to take-off will have to be avoided 
in order to reduce fuel consumption. The “Comet” is very manoeuvrable 
on the ground owing to its steerable nose-wheel and its brakes, but jet 
engines are gluttons for fuel when taxiing and idling. It seems likely 
that tractors will ultimately solve the problem. 


Where Are America’s Jet Transports ? 


Tisscent European rumors that U.S. plane- 
makers are in the actual throes of putting to- 
gether prototype jet transports can only be 
“viewed with regret” by Interavia’s American 
West Coast representative. He says there are 
two excellent reasons for considering the ru- 
mors as both faulty and premature. For one 
thing, spokesmen for the plants having the 


biggest jet transport interests... Boeing, 
Convair, Douglas, Lockheed... deny em- 
phatically that they are “cutting tin.” But an 


even better indication that prototype produc- 
tion has not yet been started is the silence of 
the great American sounding board for com- 
pany secrets, the aviation cocktail party. 
Equally silent have been airport bars and beer 
parlors patronized by plant workers. It must 
be conceded that all of the companies indicated 
have plans and specifications for a prototype 
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Two American designs for jet airliners, used as bases for 
further projects : 
a) Boeing Aircraft Co.’s swept-wing aircraft designed 
for six axial jet turbines. 
6b) Lockheed’s L-193 long-range jet airliner, with four 
axial jet turbines. 





pure jet transport. Some of their specifications 
and configuration drawings already have been 
published and, while not wholly up to date, 
indicate the size, shape and performance of 
U.S. competition with Britain’s jets. It is 
quite evident, however, that to date the Ame- 
rican jet transport still is a paper airplane and 
that the industry’s apparent coyness on the 
subject stems from competitive secrecy in the 
struggle. of individual plane builders to get 
one or more airlines to sign on the dotted line. 

“So far, not one prospective buyer has come 
forward to toss his cheque-book on the table. 
When the conversation turns to twenty million 
dollars or so, to underwrite the costs of the 
first plane, the cash customers begin talking 
about the weather,” explained one manufac- 
turing executive. There is a strong feeling in 
the United States that the majority of the 
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European rumors come from Britain and re- 
present exploratory ventures by British ma- 
nufacturers and jet transport operators. “You 
can be certain,” a U.S. industry representative 
told Interavia, “that when we actually start 
building a jet transport we'll shout about it. 
Obviously, U.S. manufacturers are secretive 
about their negotiations to win a prototype 
contract, for the competition is terrific and 
their future production years are at stake. But 
when a manufacturer has his contract, and 
actually bolts his jigs in place on the factory 
floor, the demand for secrecy will have passed. 
Nor would he be able to prevent the informa- 
tion from leaking out even if he wanted to 
stop it.” 

Nevertheless, the rustle about U.S. jet 
transport projects is becoming louder and 
clearer with each passing week, although there 
is no frank revelation of plans in this incredible 
waiting game. Arthur E. Raymond, Douglas 
Director of Engineering, puts it in this cryptic 
manner: ‘While our company is actively 
working on a jet transport design program, 
actual construction of the plane will have to 
await development of new jet engines.” 

Douglas also has indicated that 1952 may 
prove to be a year of decision ; that firm orders 
for a jet transport might be in hand by the end 
of the year. And Lockheed’s Hall Hibbard 
freely says that his company today could build 
a 600 m.p.h, jet transport. 

In view of the evident readiness of U.S. 
manufacturers to begin prototype construc- 
tion, and the natural concern of U.S. airlines 
over pressures building up as a result of British 
jet transport production, their failure to get 
together and actually start building has been 
puzzling to many persons. 

There are several logical reasons for this delay. 

Airline hesitation may be attributed in a 
measure to re-equipment demands which have 
arisen during the past twelve months, re- 
quiring the operators to invest heavily in new 
orders of conventional transports—‘Convair 
Liners,” DC-6s, “Constellations” and ‘‘Strato- 
cruisers” (?—Ed.). Governmental down- 
ward renegotiation of subsidiary air mail 
payments has so curtailed their immediate and 
prospective profit surplus that they have had 
no spare change to lay down for experimental 
jet transports. 

Similarly, recollection of manufacturing finan- 
cial reports of the past year suggests that the 
nation’s plane makers hardly have been in a 
position to venture millions of their own capital 
on jet transport prototypes in the speculative 
hope that once they are in the air the airline 
orders will come rolling in. Manufacturers, 
too, have been subject to Governmental pro- 

















The U.S. Air Force made a North American B-45 ‘‘Tornado”’ four-jet bomber available to test the suitability of jet 


aircraft for commercial operation. 


fits scrutiny and a general downgrading of net 
returns from military contracts which provide 
their life blood. Their cash surpluses largely 
are having to go into plant expansion to handle 
expected 1953 peaks of military production, 
and into payment of a reasonable portion of 
their net earnings as stock dividends to keep 
shareholders happy. 





George Rosen, chief aerodynamicist of Hamilton Stand- 
ard Division of United Aircraft Corporation, with models 
of high-performance propellers designed for high-power 
propeller turbine aircraft. 


There are other reasons, too, for U.S. 
planemakers having shied away from actually 
starting to “cut tin” on a jet transport. 

An economic reason is that if their commercial 
customers prove to be unable to bear the 
financial burden of an immediate jet transport 
program, a less-costly interim substitute 
would be in order : the development of turbo- 


A transition design: To try out the value of propeller turbines for commercial flying the Allison Division of General 


Motors Corp. leased a “Convair-Liner’” from Convair and fitted it with two 2,750 h.p. Allison T-38s. 


















prop transports from basic piston-engined 
planes already in production. Although all are 
extremely sensitive to British jet transport 
developments, some U.S. airlines and some 
manufacturers feel that in many ways they 
might profit from going ahead with the turbo- 
prop program even though it would delay 
seriously their pure jet activities. A turbo- 
prop program, they reason, should relieve, in 
a measure, the insatiable itch of the American 
ticket buyer to go places faster than he did the 
year before. Too, such an interim program 
would give the American industries, airline 
and manufacturing, a chance to gain a great 
deal of valuable jet transport information “for 
free”’ as they watch what happens to the British 
jets in route operation. Also, there is justified 
concern over the ability of airports and airways to 
advance traffic control rapidly enough to 
handle with safety any considerable amount 
of pure jet traffic within the next two or three 
years. 

Too, there is a manufacturing problem in the 
U.S. industry which suggests an indefinite 
delay in the actual building of jet prototypes. 
It is true that the plane plants could build their 
prototypes immediately, and probably have 
them ready to test fly in 1953. But then would 
arise the problem of powering the jetliners as they 
begin to roll off the line. It is agreed within 
the industry that new or advanced models of 
jet engines will be required in support of pro- 
duction orders. But they’re not available. 
Douglas Aircraft’s Arthur E. Raymond gave 
this clue in the statement just mentioned : 
“These engines will not be ready until about 
1957. But when they are, he believes, they 
will make jet transports as economical to 
operate as present commercial transports. 

The plane manufacturers many times in the 
past have been left holding the sack, with 
powerless airframes stacking up on ramps 
outside their plants, because engine makers 
have failed to meet their optimistic promises 
of new engine production. This has held true 
in recent military production, and plane build- 
ers are strongly disinclined to risk their own 
capital, or their customers’ money, on costly 
prototypes without more positive evidence 
than they have received so far that the necessary 
new power plants will be available in produc- 
tion quantities in the immediate future. 

From the foregoing it would seem that in 
addition to not having any prototype jet trans- 
ports currently under construction, the Ameri- 
can planemakers quite possibly will not take 
the plunge for many months to come, and even 
a matter of several years. However, betting 
on this can hardly be advised. 











| Jet Propulsion | 








The hazards of jet flying 


Esmeralda says she met a friend at a hot night 
spot a few weeks ago, a girl so destructively 
beautiful that she made you weep. But, our 
Favourite Air Hostess remarks, the escort of 
this advanced exercise in curvilinear geometry 
was a very fat, very pink, very old and obvious- 
ly very wealthy bon-vivant wearing a rock the 
size of a walnut for a tie-pin. How can you ? 
said Esmeralda. How can I what ? replied the 
eye-catcher, he’s my fiancé. What’s more, he’s 
a jet pilot. Esmeralda escaped. 

Next week she flew to the Antipodes, 
Sydney, to be precise. And at the beginning 
of April found the answer to the riddle of the 
old boy. Jet pilots, she discovered, get grey- 
haired prematurely. Our Favourite Air Hostess 
secured this amazing information from no less 
an authority than F. S. Cotton, Research Pro- 
fessor of Physiology at Sydney University, who 
formally announced the greying tendency of 
jet pilots. He was backed up by some of 
Australia’s leading jet pilots themselves, 
including Wing Commander Brian Eaton, 
C.O. of an RAAF jet fighter wing, who 
declared that he had “noticed an alarming 
number of grey hairs lately and could not 
understand the reason.” A Sydney “hair 
specialist” in turn said that the phenomenon 
was caused by “tension.” The only discordant 
noise in this concert of opinions came from 
Major-General F. Kingsley Norris, the Aus- 
tralian Army’s Director-General of Medical 
Services, who added a single word to the discus- 
sion. “Ludicrous,” he said. 

But Esmeralda is a nice girl and nearly 
always believes what she is told. She now 
reports that since her visit to Sydney she has 
seen a large number of sweet young things 
gadding about with jet pilots in civilian 
clothes. Two points have surprised her in this 
connection. These are, one, that jet-flying must 
be very profitable, because most of the “pilots” 
seem to run around in Cadillacs and Rolls- 
Royces and have old wives loaded down with 
ice; and that it must be very hazardous, 
because many of them lean on canes with 
rubber tips and are hard of hearing, half blind 
and drivel a little. 


Who invented “jettery?”’ 


From Sydney Esmeralda flew on to New 
Zealand. She was driving about a place boast- 
ing the improbable name of Wanganui, in the 
Province of Wellington, in a hired car when she 
noticed a grey-thatched individual striding 
briskly along the main street. Ah, she thought, 


314 








Top: Whetton’s twin-tube aircraft—landing gear is 
rigid for ruggedness. Below : The Armstrong-Whitworth 
A.W. 52 twin-jet flying wing “copied” from it... 





erent 


Top: Whetton’s “eight-tube” seaplane.—Below ; The 
Northrop YB-49 eight-jet flying wing “copied” from it. 
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Top : Whetton’s four-tube transport.—Below : The Avro 
“Ashton” (or “Tudor 8”) four-jet experimental transport. 


INTE Re COAVIA 


a jet pilot—his hair has been under “tension.” 
So she stopped next to him and said, Hi, jet 
pilot, what’s cooking ? The man looked at her 
and said, jet pilot nothing, I’m the inventor of 
the jet itself. Oh, said Esmeralda, I didn’t 
recognize you—how do you do, Sir Frank 
Whittle ? 

Nix Whittle, said the man ; Whetton is the 
name. ‘Thos. Hy. Whetton, Karaka Street, 
Wanganui. Inventor of a new order of heavier- 
than-aircraft, author of “A Pauper’s Path,” 
“Poetry for the People...” here, he said, 
presenting our bewildered Air Hostess with 
a visiting card, see for yourself. Come up and 
see me some time, he added, like Mae West. 

Esmeralda learned from the card that Mr. 
Whetton was not only an-inventor, poet and 
author, but also a French Scholar, producer of 
nature films, and many other things. But her 
amazement reached ionospheric heights when, 
upon leafing through the back issues of the 
local papers at the public library, she read that 
Mr. Whetton was the genuine inventor of the jet. 
“Who deserves recognition as the genius of 
today’s highspeed adventure in flight,” asked 
the Auckland Star 8 o’Clock Magazine of March 
24th, 1951, “Britain’s Whittle or Wanganui’s 
Whetton ?” The Wanganui Herald (cross my 
heart, such a thing exists) reported at about the 
same time that Mr. Whetton “says he was first 
in the field with the tubular propulsion idea for 
winged aircraft.” 

Intrigued, Esmeralda continued her unobtru- 
sive research. She found that a firm or organ- 
ization called Whetton Aeronautical & Engi- 
neering Products advertises its presence at 
Karaka Street, Wanganui. Modestly it describes 
itself as “Builders of the Whetton Patented Jet 
Aircraft, Jet Aircraft Inventors and Special- 
ists.”” Thus it seems that the builders exist, but 
that they haven’t done much building so far. 
The Awckland Star, however, discloses that 
Mr. Whetton believes the world will “ulti- 
mately give him credit as the real inventor of 
jet propulsion.” 


Whetton versus Whittle 


Exactly how Mr. Whetton’s “tubular pro- 
pulsion” works is difficult to determine. Mr. 
Whetton himself explains it chiefly by the state- 
ment that Whittle’s gas turbine engine is just 
an “inefficient overgrown blowtorch” ; apart 
from that, he professes to be tolerant about the 
claims of Whittle and Campini, the designer of 
Italy’s first jet-propelled aircraft (he doesn’t 
seem to take much notice of the Germans). 

“Tube propulsion” was hit upon by Mr. 
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Whetton when he was photographing birds 
and insects. He tethered insects in a shaft of 
light and let smoke drift towards them. His 
films showed—says the Star—that insects and 
birds flew by collecting air in front of them, 
compressing it with their wings, then shooting 
it behind. Study showed that they followed 
purely mechanical laws—but laws that ma- 
chinery could not copy. In order to “imitate” 
these laws, what was more simple than to 
“enclose propellers in tubes ?”” Thus jet pro- 
pulsion was born somewhere around 1927 ! 
The sad thing is that in spite of a 22,000-word 
patent specification and 37 scale drawings, the 
patent offices all over the world have not seen 
fit to recognize Mr. Whetton’s claims, except 
that of South Africa, which in 1940 gave him 
a patent on a “composite claim.” 


A tornado in a tube 


In the meantime, Mr. Whetton has gone on 
to better things, no doubt in order to make his 
own jet engine obsolete and drive its manu- 
facturers out of business. 

Through a little judicious spying and the 
distribution of a few smiles in the right places 
our Favourite Air Hostess learned that he has 


3. of the numerous patents granted over the years 
to Air Commodore Sir Frank Whittle, the British gas 
turbine pioneer, was recently extended by the British 
High Court by the maximum possible period of ten 
years as a result of an application filed by Power Jets 
(Research and Development), Ltd., London. The patent 
in question is No. 471 368 of March 4th, 1936, entitled, 
Improvements Relating to the Propulsion of Aircraft. The 
primary object of the invention is described as being to 
provide the maximum mass flow of air through a gas 
turbine engine with the lowest possible jet velocity for 
a given thrust. 

The principle of the invention consists of providing 
a normal jet engine with a second, independent turbine 
which drives an additional axial-flow compressor in the 
air intake duct of the engine. Since this compressor 
provides an only very low rate of compression, it is 
termed a “ducted fan.” At the rear of the compressor a 
double air flow cycle takes place. The major portion of the 
ait mass is not heated but ducted past the combustion 
chambers, then expanded until it reaches a suitable 
velocity; only then is it added to the flow of heated 
gases in the jet pipe. For this reason, it is termed the 
by-pass stream. A smaller portion of the intake air passes 
through a compressor of much greater effectiveness, 
through the combustion chambers and the main turbine 
and finally through the jet pipe. 

The inventor’s intention becomes clear if it is consider- 
ed that a conventional jet engine accelerates only about 
70 Ibs. of air per pound of fuel consumed, whereas the 
ait-fuel ratio of a piston engine/propeller combinate is 
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Whetton’s new engineless jet aircraft, propelled by 
“X-in-Relativity.”” Mr. Whetton admits that ‘quite a 
lot of learned men will scoff at this, but wise men will 
not...” 


just invented a new kind of aeroplane which, 
according to the specification, is propelled 
by an entirely new fuel. One of the chief cha- 
racteristics of this fuel is that it has no weight 
and that it doesn’t need an engine! The aircraft 
can fly to the moon and back, it cannot nose- 
dive or crash because of “adjustable elongating 
wings with air brakes.” It can hover and re- 
verse; its drag is almost zero; and it is not 
affected by air pockets! In a military version 
it can be employed without armament to 
wreck enemy aircraft in the air or ships on the 
water “by suction or air blasting.” In other 
words the ideal aircraft. 


Whittle’s “By-Pass” Engine 


about 10,000 Ibs. air/lb. fuel. Consequently, the jet 
engine is suitable only for very fast aircraft, the piston 
engine and airscrew (or even the propeller-turbine) for 
relatively slow aircraft. Whittle’s ““ducted-fan engine” 
was devised to bridge the gap between the two ex- 
tremes, particularly for the medium speed range, and 
accelerate three to five times as much ait per pound of 
fuel as the conventional jet engine. 

Very few engine manufacturers have so far applied 


~ 


And, continues Esmeralda in her secret re- 
port, here is how it works. The power is 
created by catalytic action plus a something else 
which Mr. Whetton calls ‘X-in-Relativity’ —not 
the Relativity of Einstein. Two elements are ener- 
gized in a power station and placed in a tube. A 
catalytic agent is also placed in the tube at exactly 
the right spot, a vacuum is created and a rush of 
air develops. The whirlwind can reach the magnitude 
of a tornado, and the aircraft will fly at speeds of 
2,000 m.p.b. or more... 

Mr. Whetton’s own secret specification ends 
as follows: Technical advisers and other officials 
bowed down by thick skulls called Whetton crazy 
when he brought out the first jet-plane formulae in 
1940. What will those effete minds call Whetton 
when they hear of this new jet plane formula? 

At the end of her research work Esmeralda’s 
head was going round in circles. She was 
promptly arrested by a Wanganui policeman 
for “being drunk in charge of a car.” Drunk 
may be right, said our Favourite Air Hostess, 
but the car has taken charge of me. So they let 
her go on a technical point. She is back in 
Europe now, and when we asked her what 
she thought of Jnteravia’s special jet issue, 
she said: Please don’t... 
jittery, so shut up. 


jettery makes me 


Turboméca in France. Turboméca in particular, using 
in addition some of the Szydlowski patents, has created 
an attractive light jet engine for powered gliders, the 
“Aspin” of 480 lbs. and 730 Ibs. s.t. Some time ago it 
was reported that the French were developing a ducted 
fan engine of 5,500 to 6,600 Ibs. thrust, but the project 
seems to have been dropped because the engine would 
have been efficient up to speeds of only about 400m.p.h. 
and therefore hardly able to compete with modern 

































































this principle—Metrovick in Britain, Rateau and piston engines. 
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1) Ducted fan ; 2) axial compressor ; 3) fuel supply ; 4) combustion chamber ; 5) main turbine ; 6) ducted fan turbine. 
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Turbine Jets of 1952 


A Review 


The jet engines which in the past ten years have fundamentally changed 
the face of military aviation and which may be expected to revolutionize 
civil air transportation in the not too distant future belong, at least 
for the time being, to the gas turbine family. This means that they 
feature fast-rotating turbine wheels which in turn drive compressors 
mounted on the same shaft. While the propulsive power—the thrust— 
is furnished exclusively by the hot and therefore rapidly-flowing gases 
emerging from the jet pipe—this means that neither the turbine nor the 
compressor plays a direct part in providing the thrust—it was found 
that merely heating the air without first compressing it (as is done, 
for example, in ramjet engines) would supply inadequate thrusts in the 
subsonic speed range and, in addition, would be highly uneconomic. It 
is therefore necessary to increase the pressure of the air prior to heating 
it, and it is only for this reason that rotating compressors and turbine 
wheels and their stators are mounted in these gas turbine engines. 
They absorb about two-thirds of the chemical energy of the fuel, 
converted into heat, so that merely one third of this energy is available 


for the propulsive effort in the jet pipe. 





A Wright J-65 “Sapphire” high-power axial jet (Armstrong-Siddeley licence) fitted 
with an afterburner on the turbo-jet test bench of Wright Aeronautical Corp., Wood 
Ridge, New Jersey. 


Two years ago Jnteravia Review published a first compilation of the 
turbine engines then available (+) ; this list contained about 20 turbo- 
jets and 16 propeller turbines. Today 53 types of turbo-jets alone are 
known to exist, so that the inclusion of propeller turbines in this review 
is not practicable owing to lack of space. The multiplicity of types 
also necessitated a stricter division of the engine types (cf. table). 


x 


Closer study of these types reveals three fundamental designs : 
— turbo-jets with radial compressors 
— turbo-jets with axial compressors 
— turbo-jets with compound compressors, 

The radial (or centrifugal) compressors take up the air in the vicinity 
of their hubs and through centrifugal effect compress it to about four 
times atmospheric pressure. ‘They are simpler to manufacture than 
axial compressors but are less efficient, and therefore the fuel consump- 


1 Cf. “Present day Gas Turbine Engines,” Interavia Review, No. 8-9, 1950, pp. 472- 
477. 





TYPE AND THRUST BRACKET 


MAKER AND MODEL 





Turbo-jets with single-sided 
radial impeller 
(200 to 5,500 Ibs.) 


BOEING 500 @ TURBOMECA Piméné, Palas, Marboré @ DE HAVILLAND 
Goblin, Ghost. 





Turbo-jets with double-entry 
radial impeller 
(3,300 to 6,600 Ibs.) 


ROLLS-ROYCE Derwent, Nene, Tay @ ALLISON J-33 @ PRATT & WHITNEY 
J-42 (Nene), J-48 (Tay) @ CHELOMEY M-45 (Nene) @ HISPANO SUIZA R.300 
(Nene). 





Turbo-jets with axial 
compressors and single-stage 
turbine 

(800 to 8,800 Ibs.) 


FLADER J-55 @ FAIRCHILD J-44 @ ARMSTRONG-SIDDELEY Viper @ 
WESTINGHOUSE J-30 @ SVENSKA TURBINFABRIKS Skuten @ METROVICK 
Bery!| @ SOCEMA TGAR-1008 @ ALLISON J-35 @ GENERAL ELECTRIC J-47 @ 
AVRO CANADA Orenda @ SNECMA-ATAR 101 @ ROLLS-ROYCE Avon. 





Turbo-jets with axial compressor 
and multi-stage turbine 
(1,100 to 11,000 Ibs. +) 





ARMSTRONG-SIDDELEY Adder, Sapphire @ WRIGHT J-65 (Sapphire) @ 
ALLISON J-71 @ GENERAL ELECTRIC J-53, J-73 @ WESTINGHOUSE J-34, J-40 @ 
RATEAU SRA-1 Savoie @ SHVETSOV M-003, M-004, M-012, M-018. 





Turbo-jets with compound 
compressor 


(10,000 Ibs.) 


BRISTOL Olympus @ PRATT & WHITNEY J-57. 








Dual-cycle turbo-jets 
(500 to 6,600 Ibs.) 

















TURBOMECA Aspin @ RATEAU (project). 
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Type A: With a dry static thrust of 5,000 Ibs. the de Havilland “Ghost”’ today is the 
most powerful turbo-jet featuring a single-sided radial impeller. 


tion of radial-type jets is higher than that of axial-flow engines. In 


addition, their frontal area is greater. Depending upon whether the air 
flows into the compressor from the front alone or from the front and 
the back, one differentiates between two sub-classifications : single- 
entry (or single-sided) and double-entry radial compressors (type A and 
B). The former are especially suitable for “straight-through” flow 
types of jet (e.g., D.H. ““Ghost’’) ;_ the latter necessitate the installation 
of a pressure-tight equalisation or plenum chamber, which receives the 
entry air and supplies it to the rear side of the impeller. Thus, double- 
entry compressors require additional space. 

Turbo-jets with axial compressors have a relatively small frontal area 
and make possible the employment of the straight-through flow system. 
The compressor consists of several bladed wheels (called “stages”’), 
with a stator between each two stages. For moderate compression ratios 
(4 to 6) a relatively small number of stages (7 to 12) and a single turbine 
wheel are sufficient ; or else the compressor stages can be increased 
(10 to 16), in which case two or even three turbine stages must be em- 
ployed (type C and D). 

For the higher compression ratios (more than 6) required for even 
more powerful turbo-jets the installation of compound compressors was 
found suitable. Usually they consist of an axial compressor followed 
by a radial compressor, driven by separate turbines, which means that 
they can run at different speeds. 

While in all these types a single cycle of processes takes place in a 
series of separate organs—compressors, combustion chambers, turbine, 
jet pipe—the dual cycle engines (or “‘by-pass”’ or “ducted fan” engines) 
simultaneously perform two thermal cycles (type F ; cf. also page 315). 

The dry static thrust of jet engines (propulsive power at sea level 
at maximum f.p.m., zero speed and without water-methanol injection) has 
grown tremendously in recent years. The most powerful known jet of 
1950 was the A. S. “Sapphire” which had a static thrust of 7200 lbs. 
Today there are about half a dozen types which have reached or exceeded 
dry static thrusts of 10,000 lbs. In addition, increasing numbers of 
engines are fitted with some form of thrust augmenter for short-period 
excess thrust : water-methanol injection into compressor and combus- 
tion chambers ; afterburners (or reheat), i.e., combustion of additional 
fuel behind the turbine in the extended jet pipe (cf. p. 322). Both me- 
thods require enormous amounts of extra fuel and lubricants. 

Most of the existing turbo-jets are still designed for military use. 


However, six engines in the medium-power bracket (“Ghost,” “Avon,” 
“Derwent,” “Nene,” “Tay,” Allison J-35) have already been approved 
In addition, several 


for operation in commercial air transportation. 
small jets have been certificated for sporting flying purposes. 
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Type B: The most powerful members of this group (double-entry radial compressor) 
are considered to be the Pratt & Whitney J-48 ‘“‘Turbo-Wasp” (photo ; with after- 
burner) and its British ancestor the Rolls-Royce “Tay.’’ Without afterburning the 
static thrust in both cases is 6,250 lbs. 


Type C: The J-47-GE-17 (J = jet) of General Electric (here shown with an after- 
burner) is representative of the group of axial compressor engines with a single-stage 
turbine. Its maximum static thrust without afterburning is 8,000 lbs. plus ; it has an 
electronic fuel control. 


Type D: The General Electric J-73 was derived from the J-47. While details are not 
available, it is assumed that the number of both compressor and turbine stages had 
to be increased. Maximum static thrust 9,000 Ibs. plus. 
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Take-off thrust, 
dry 


Max. continuous thrust 


Characteristics 


Dimensions 




























Maker and type meh Spec. rare m weight Remarks 
Ibs. r.p.m. Ibs. r.p.m, bed ames tale mag = wane en , 
eude tion chambers ins. 
Ib./Ib.t/h 
A. Turbojet engines with single-entry radial compressors 
1 Boeing 500 (USA) | 210 | 38,000 | 180 | 36,000/ Oft. | 1.12 | single-stage 2 22” 29” 10 | ee ke ae eens tale 
3.0:1 aircraft. 














2 Turboméca 


Piméné 


240 


36,000 | 200 


34,000 


0 ft. 


1.06 


single-stage 
4.0:1 


Annular 16” 


41.6” 


118 





Turboméca’s first small jet unit; flig 
tested in 1949. 








3 Turboméca 


Palas 


(F) 


34,600 | 265 


32,000 


0 ft. 


1.13 


single-stage 
4.0:1 


Annular 16” 


41.6” 


137 





Development of the “‘Piméné”; can b 
used as main or auxiliary unit (take-o 
aid). 















4 Turboméca 


Marboré II 


(F) 


23,000 | 720 


21,500 


0 ft. 


single-stage 
4.0:1 


Annular | 22.3” 


54.5” 


275 








Larger and more powerful version ¢ 
the “Piméné”; “‘Marboré I" of 660 Ib 
static thrust. 











“Goblin DGn 6” version (3,800 Ib 






























5 De Havilland 3,300 10,750 | 2,240 | 9,500 | 0 ft. 1.18 single-stage 16 49.85” | 100.5” 1,570 thrust) recently announced ; licence 
Goblin 3 (GB) 3.4:1 production of “Goblin 3” by Svens 
Flygmotor. 
6 De Havilland 3,500 10,750 | 3,000 | 10,250 | 0 ft. 1.15 single-stage 16 49.85” | 100.5” | 1,620 Like the “Goblin 2” and “3,” but wi 
Goblin 35 (GB) 3.6:1 structural refinements. 
7 De Havilland 5,000+ | 10,250 | 4,320 | 9,750] Oft. | 1.02 single-stage 10 53” 115.5” | 2,160 wba Pack ber mae eae 2 
Ghost 50 (GB) 47:1 by Svenska Flygmotor, Fiat, Alfa Rom 






















rbojet engines with double-entry radial compressors 





Rolls-Royce 
Derwent 8 


(GB) 


3,600 


14,700 


3,090 


14,100 


0 ft. 


approx. 
1.05 


single-stage 
45:1 


9 


43” 


83”’ 


1,280 









“Derwent RD 11” of 4,500 Ibs. thrust ; 
licence production by Fabr. Nat. d’Ar~ 
mes de Guerre (Belgium). 











Allison (400-C13) 
J-33-A-35 





(USA) 


4,600 


11,750 


3,900 


11,250 


0 ft. 


1.14 


single-stage 
44:1 


14 


49.5” 


107” 


1,820 








Take-off thrust with water injection,) 
5,400 Ibs. 








Rolls-Royce 
Nene 4 


(GB) 


5,000+ 


12,500 


4,600 


12,000 


0 ft. 


1.00 


single-stage 
45:1 


49.5” 


96.8” 


1,620 






Take-off thrust with water injection 
5,500 Ibs. ; built under licence by Hispano- 
Suiza, Pratt & Whitney and Common 
wealth Aircraft (Australia). ’ 












































































































































Pratt & Whitney (jT-6) 5,000+ | 12,300 | 4,000 | 11,600 | Oft. | 1.09 | single-stage 9 49.5” | 103.2” | 1,715 | [955 ite: develonmenc of “Nene il 
J-42-P-6 (USA) 4.3: production under way in USA. 
Chelomey M-45 USSR 5,000+ |12,300 | — oe Fae — single-stage 9 49.5” 96.8” | approx. | Russian version of Rolls-Royce “Nene.” 
4 ( 1,750 
Allison (400-D9) 4,600 | 11,750 | 3,900 | 11,250 | 0 ft. 1.16 single-stage 14 49.5” | 103.0” | 1,895 | Take-off thrust with afterburner 6,00 
J-33-A-33 (USA) 44:1 Ibs.; weight with afterburner 2,465 Ibs. 
Hispano Suiza 5,950 | 12,500 | 5,000 | 11,950 | — 1.09 single-stage 9 49.5” | 96.0” | 1,660 fe a ge cally so lhne- ol ne 
(R.300) Nene (F) tec afterburner developed. 4 
{ 
8 Rolls-Royce (RTa.1) 6,250 | 11,000; — — | Oft. 1.06 single-stage 9 50.0” | 106.7” | 2,000 | Licence production by Pratt & Whitney 
Tay | (GB) — and Hispano-Suiza. 
9 Pratt & Whitney (JT-7) 6,250 | 11,000} — — | Oft.| — | single-stage 9 50.0” | 106.7” | 2,000 | [17 Geez) version with sherburnedl 
J-48-P-6 (USA) ey water injection, 8,750 Ibs. 
C. Turbojet engines with axial compressors and single-stage turbine 
1 Flader J-55 (USA) | 770 | 28,200} 700 | 26,800/0f. | — _ — | 15.75" | 79.0” a) See eee oe 
2 yar (USA) 1,000 =i, ae nt 0 ft. oe re fh Bs yh s+ on 325 Doubtless also for guided missiles. 
3 Armstrong-Siddeley 1,500 o _ — | Oft. — 10-stage Annular | 23,25” | 82.7” | approx. | Expendable version of the “Adde! 
(ASV. 2) Viper (GB) 400 uses non-strategic materials. 
4 Westinghouse (19XB-2B) 1,600 | 17,000 | 1,240 | 15,700 | 0 ft. 1.15 10-stage Annular | 19.0” 94.0” M18 | cas oldest i or 
J-30-WE-20 (USA) 3.8 :4 S Oldest jet turbine’ engine. 
5 Svenska Turbin- 3,200 8,000 | 2,325 | 7,250 | 0 ft. | approx 8-stage 8 approx. | approx.| 1,720 | Development prototype for high- 
fabriks STAL Skuten (S) 1.2 3.2: 1 36.0” 150.0” performance axial compressor engi 
6 Metropolitan-Vickers 3,850 7,750 | 3,400 | 7,400 | 0 ft. _ 10-stage Annular | 37.9” 161.0” | 1,750 Two “Beryls” fitted in Saro SR/A1 
Beryl 1 (GB) 4.0:1 fighter flying-boat. 
7 SOCEMA TGAR-1008 (F) | 5,510 6,600 | 4,190 | 6,400 | 0 ft. | approx. 8-stage Annular | 40.5” | 153.5” | 2,760 | Prototype; not to be produced | 
7a «3A 3.7:1 quantity. 
8 Allison (450-D10) 5,100 7,900 4,400 7,500 0 ft. _— 11-stage 8 37.0” 138” 2,230 Take-off thrust with afterburner, 
J-35-A-21 (USA) = Beet 6,300 Ibs. 
9 General Electric (TG-190C) 5,500 8,000 | — — | Oft. 1.03 12-stage 8 36.75” 144” | approx. | Take-off thrust with water injecti 
J-47-GE-15 (USA) 5.0:1 2,500 | 6,300 Ibs. 
10 Allison (450-D21) 5,600 8,000 | 4,900 | 7,650 | 0 ft. 1.05 11-stage 8 37” 146” | approx. < sie toy a 008 case 
}-35-A-29 (USA) 5.0:1 2,300 test engine in the J-35 series. 

















Avro-Canada 
Orenda 


(CAN) 




















10-stage 











42” 





approx. 
120” 


2,500 











Afterburner under development 
Solar Aircraft (USA). 
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eT Max. continuous thrust Characteristics is Dimensions 
Dry 
Maker and type m.p.h. Spec. . weight Remarks 
Ibs. r.p.m Ibs. r.p.m - wap Compression ~— aa Length ig 
bee a tion we chambers ins. — 
Ib./Ib.t/h 
Bullet ; ATAR 101B (5,280 Ibs. thrust) 
12 SNECMA-ATAR 101 C (F) | 6,170+ | 8,500 | 5,070 | 8,000; 0 ft. 1.0 7-stage Annular | 35.0” | 112.2” | 1,970 | ATAR 101E (Water, 7,260 Ibs.), ATAR 
nal 101F (afterburner and water, 8,800 Ibs.) 
3 Rolls-Royce (RA.3) 6,500 7,800; — — | Oft. | approx. 9-stage 8 41,5” 125” 2,450 “Avon RA 14” of 9,500 Ibs. thrust 
von 1 (GB) 1.0 in announced, 
14 General Electric (TG-190E) 6,200 8,000; — — | Oft. 1.0 12-stage 8 36.75” 154” | approx. | Take-off thrust with water injection, 
J-47-GE-23 (USA) ts 2,500 | 7,000 Ibs. 
15 General Electric (TG-190D) 8,000+ | 8,000 a — 0 ft. os 12-stage 8 36.75” 226” 3,200 Designed to economize strategic 
]-47-GE-17 (USA) cutis materials. 
D. Turbojet engines with axial compressor and multi-stage turbine 
1 Armstrong-Siddeley (ASA.1) 1,100 15,000 900 | 14,250 | 0 ft. 1.20 10-stage 6 28.0” 73.3” 580 Jet version of the ‘“‘Mamba” propeller 
Adder (GB) 5.35:1 turbine. 
2 Westinghouse (24C-4D) 3,250 | 12,500 | 2,450 | 11,800 | 0 ft. 1.0 11-stage Annular | 24.0” 120” 1,200 er Re! gar Auden “ge 7 
J-34-WE-34 (USA) 3.8: 1 ; with take-off ehrust of 3,600 Ibs. 
3 Westinghouse (24C-8) 4,200 12,500 | — —ji—- — 11-stage Annular | 24.0” 200” 1,450 Take-off thrust with afterburner, 
J-34-WE-32 (USA) 3.8:1 4,700 Ibs. 

id Developed fi he Junk 9 004” 
ae aaimele eed bg teed weed Reed bn ~ Tenge . Se eS takeoff thrust ‘with water injection, 
5 Shvetsov M-003E (USSR) | 4,400 | 10,000 | 3,200 | 9,500 | 0 ft. 8-stage Annular | approx. | approx. | approx. is ng Migr: My aitottnah ae 

_ 27.0 155 1,980 | 6,500 Ibs. take-off thrust. 
6 Shvetsov M-012 (USSR) | 5,865 — — —|- ao 11-stage 8 approx. | approx. | 4,400+ | Derived from Junkers “Jumo 012"; 
oan 43” 477” develop aband d at present. 
7 Wright (TJ-31) 7,200+ —_ — -- _ _ 13-stage Annular 42” 146” 2,500 Copy of “Sapphire”; with afterburner 
g 
J-65-W-1 (USA) — 10,000 + Ibs. take-off thrust. 
8 Armstrong-Siddeley (ASSa.3) 7,220+ os — — 0 ft. 0.91 13-stage Annular 43” 133.85” | 2,500 Thrust of 8,300 Ibs. recently obtained 
9g 
Sapphire (GB) — during test run on bench. 
9 Rateau SRA-1 7,250 9,500 |6,390 | 9,250 | 0 ft. 0.85 10-stage 12 44” 132” 2,290 | Can be fitted with bullet, for water 
Savoie (F) 6.8:1 injection and with afterburner. 
10 Westinghouse (40E-2A) 7,500 — _ —- |— — —_— Annular 36” 150” |approx. | Later versions (with afterburner) give 
J-40-WE-6 (USA) 3,000 | take-off thrusts of up to 14,000 Ibs. 
11 Shvetsov M-018 (USSR) | approx. japprox. approx.|approx. | — —_ 12-stage Annular | approx. | approx. | approx. | Developed from BMW 018 ; take-off 
7,700 | 5,000 | 6,600 | 4,900 _ rie ina i—=_ °° 
12 Svenska Turbinfabriks STAL approx. -- — |— _ _ — — — _ 
and Svenska Flygmotor (S) 8,800 Joint development by STAL and SFA. 
Earlier designation J-47-GE-21; can 
13 General Electric J-73 (USA) | 9,000+ _ —_ = — — — —_ 36.75” — one hove water-methanol injection or after- 
urner, 
i ra i ” ” a Earlier designation J-35-A-23 ; take-off 
4 in (450-E1) (USA) 9.700 ta a ™ _. 16 stage Annular | 37 179 erat wh aerurne md ean 
15 SNECMA (F) | 10,000 — — _ —_ —_ — —_ on antes am Under development. 
16 De Havilland (GB) — —-j;- —|- — — — — _ _— ped orenohtes Sig soseieeeiie ania 
17 Rolls-Royce Said to be greatly modified version of 
Conway (GB) Ono a — aah fies re rit _ ni = ind R.-R. “Avon.” 
16 General Electric 
J-53 (USA) 10,000+ _ — = — | = os —_ _— —_ _ Under development. 
19 Lulkov (USSR) | approx. — — — |— — — _ — — — 
11,000 
E. Double compressor engines 
Under development ; licence produc- 
1 Bristol Olympus (GB) | 10,000+ = os a = — a — _ — a tion by Curtiss-Wright under con- 
sideration. 
2 Pratt & Whitney (jT-3 Designed f very high 
57 y (J ) (USA) 10,000+4 ae ee bene lee pa eae om nas ae re pe ny ior operation at very hig 
F. Double entry engines 
# Turboméca sat at Previ del “Aspin I” of 485 Ib 
© Aspin Il F 725 | 36,500 | 595 | 35,000 | 0 ft. 0.57 + Annular | 25.9” 47.7” Sia ee 1 
_ (F) Radial 1-stage 
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Production of the “Nene” by Hispano-Suiza 


BY JACQUES BLANC, DIRECTOR GENERAL OF RESEARCH AND DEVELOPMENT, 


SOCIETE HISPANO-SUIZA, BOIS-COLOMBES (SEINE) 


) ee in 1946 a licence agreement was signed between Rolls-Royce 
and Hispano-Suiza authorizing the production of the ““Nene”’ jet engine 
in France. At that time Hispano-Suiza’s workshops were in a difficult 
position. The uncompromisingly hostile attitude which the company 
had shown towards the Germans from 1940 onwards had resulted in the 
systematic looting of its machine tools, the plant had not been spared 
from bombing, and there had been a total cessation of design and de- 
velopment work since the beginning of the war. Thus at that time the 
Bois-Colombes plant had very limited production capacity, worn equip- 
ment and inadequate testing facilities. Nevertheless it was under these 
conditions that the venture started. Today jet engines are being pro- 
duced in quantity in a factory with nearly 3000 machine tools for 
specialized production. 

Our relations with Rolls-Royce were close and friendly and helped 
to guide and train us. From the start we sent some dozen men from the 
various departments to England to study the structure and functioning 
of the engine. Since then a complete licence service has been created 
both at Rolls-Royce and at Hispano to rationalise the exchange of 
information. 

In agreement with the Air Ministry we decided to complete our stock 
of machine tools and build up a stock of other tools, gauges, jigs, etc. 
This equipment was to be capable of producing about twenty engines a 
month. Five prototypes were to be built in the experimental depart- 
ment, and quantity production was to start in June 1948. This pro- 
gramme was completed according to schedule. By the beginning of 
1950 the full programme could have been realized. 


Start of production 


From July to December 1946 a bundle of plans and other documents 
arrived from England. In these documents the unit of length was the 
inch, tolerances were measured in thousandths of an inch, threads by 
the Whitworth system, fittings of a special Rolls-Royce type, and so 
on... It would have been easier for our personnel to convert the whole 
into metric measures and use French standards. 

However we decided that if the “Nene” was to be produced in a 
number of different countries it should remain identical, not only in its 
outward form, which makes it interchangeable, but also in the spares 
to be sent to the various repair shops. We therefore decided to build 
the engine according to the English standards. 

Imagine then our disappointment to find, after five year’s experience, 
that this principle has been followed only in France. The British have 
created special versions suited to their aircraft and to their operating 
and repair rules (more elastic than in France). The United States, renam- 
ing the ‘“‘Nene” the /-42, redesigned it to adapt it to American produc- 
tion methods, standards and accessories. This has produced three 
engines with the same functional characteristics and the same general 
dimensions, but quite different in detail. 

All the detail drawings, names, standards, specifications, etc., were 
translated and distributed to the various departments of the factory 
within five months. Drawings of the tools took longer to prepare since 
they had to be not only translated but also adapted to the existing 
machinery and other equipment in the factory, However, all this pre- 
paratory work was finished by July 1947. 
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The Hispano Suiza ‘“‘Nene 102-B’’ radial compressor jet engine (Rolls-Royce licence), 
which delivers a thrust of 5,000 Ibs. at 12,300 r.p.m. Below, a longitudinal section of 
the engine. 














Tooling began in January 1947, and in nine months was 70% com- 
pleted, the rest being completed as production progressed. The cost of 
tooling and purchase of the gauges and other accessories required was 
over 300 million French francs (1947), to which must be added the cost 
of about a hundred supplementary machine tools. 

In addition to supplying the needs of the actual machining and as- 
sembly shops, we had to provide a shop for electrolytic (chroming, polish- 
ing, etc.), chemical (parkerisation) and mechanical surface protection 
processes. The laboratory for metallurgical experiments and analyses 
was also rebuilt and modernized, so that the very large number of prob- 
lems which was bound to arise could be dealt with properly. 

Top quality must be ensured not only in the materials used but also 
in the various parts and sub-assemblies and in the finished engine. 
Thus the necessary test benches had to be provided from the start, in 
particular for testing the fuel feed system, the combustion system and 
electrical accessories. 

These installations were supplemented and improved as production 
progressed. Test benches for the finished engine had to be built in the 
country (near Saint Cyr) since they might otherwise have caused distur- 


bance to residential areas. 


Machining the compressor casing on a specially adapted vertical lathe. 
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Machining the front bearing casing (of magnesium) on a revolving lathe. 


Raw materials and equipment 


The various parts of a jet engine are subjected to very high thermal 
and mechanical stresses during operation. This means that the alloys 
used must be resistant to very high temperatures. Operating tempera- 
tures of the combustion chamber and the turbine are in the neigh- 
bourhood of 800°C. In addition to the thermal stress, the blades must 
withstand vibratory and centrifugal stresses of approx. 32,700 lbs./sq. in. 

The heat-resistant alloys used in England had no equivalents in 
France. Although the patents taken out by French laboratories revealed 
the interest being taken in nickel and chrome alloys, no industrial pro- 
duction had been undertaken. Today, after five years’ experience, we 
realize how important know-how is.- It was not sufficient to have the 
basic material for the production of Nimonic. The nickel and chrome 
used had to be very pure. To get the chrome, special production facili- 
ties had to be provided in France, at considerable cost in both materials 
and time. The necessary alloys, used in several different variants for 
moving blades, flame tubes and other parts particularly exposed to heat, 
are today produced by three different French companies. 

The composition of the steel for the turbine discs includes a small 
quantity of a rare element, nobium. Its ore has been found in French 
Africa, but it is still worked up in Britain. The production of the discs 
presented no problems other than that of improving heat characteristics 
by the use of powerful forge materials, rare in France, and of suitable 
methods. 

The alloys used for casting have progressed. (At first the casings 
were of aluminium basis, Alpax treated.) These later were replaced 
wherever possible by alloys based on magnesium, with a consequent 
10% saving in the total weight of the engine. Magnesium has recently 
been still further improved by the use for elements taken from rare 
earth, in particular cerium, above all where the “health” of difficult parts 
(micro-pipes etc.) is concerned. 

It is impossible to give here a full list of all the semi-products created 
especially for the “Nene.” Examples however include fuel resistant 
high pressure flexible tubes, production of which did not begin in 
France until 1951, special roller bearings, precision flanges, etc.... 

Needless to say Hispano-Suiza could not undertake complete pro- 
duction of the engine in its own workshops. A suitable manufacturer 
had to be found for the fuel feed system, the electric starter and the fully 


1 Each blade bears 30,000 times its own weight at a temperature of 730°C, which 
sooner or later gives rise to permanent plastic deformation. 
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The turbine casing being machined on a copying lathe. The large holes in the casing 
are for the nine combustion chambers. 


The compressor dise (forged aluminium alloy) with rectilinear blades is machined on a 
normal milling machine. ' 


However, the guide vanes are relatively complicated in shape and have to be made on 
special machines. The parts are first roughed out, then heat-treated, before being 
machined. 
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The Hispano-Suiza afterburner 





A “Nene 102 B” fitted with an afterburner can deliver 30% additional static 
thrust over short periods. 
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The afterburner pump delivers 880 Imp. gallons of kerosene an hour under pressure. 
It is driven by a 50 h.p. centripetal air turbine fed from the compressor. 
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automatic controls.? Although the user’s demands are sometimes 
severe and difficult to satisfy, it must be recognized that the quality 
gradually obtained from our suppliers is in no way inferior to that 
obtained in England. This applies both to the feed system (pump, 
burners, barometric regulator) and to the starter system. Although 
other accessories, such as filters, valves, thermo-couples, presented less 
difficult problems, the accessories constitute an important part of the 
jet engine and their production takes roughly 25 % of the labour required 
for the engine as a whole. 


Machining 


Problems of machining, inseparable from the question of raw mater- 
ials, were experienced for a variety of semi-products, of which the 
following may be mentioned : 

—— compressor casings, gear box and sump, in cast magnesium alloy ; 

— compressor diffuser, in cast aluminium alloy ; 

— centre and entry wheels of compressor, in forged aluminium ; 

— turbine casing, of cast heat-resistant metal ; 

— moving blades, in forged Nimonic 80 ; 

— turbine disc in special forged steel ; 

— turbine distributor (rings of centrifugal heat-resistant steel and 
cast blades) in heat-resistant steel. 

Machining of the different casings and the diffuser—after strict 
inspection for surface cracks and internal blisters—comprises the classic 
lathe operations, rendered delicate by the size and shape of the parts. 
The diameter of the compressor casing for example is 47 ins. To get 


_ Satisfactory results the lathes (both horizontal and vertical) had to be 


modified and specially equipped. 

The compressor wheel (in forged aluminium alloy), the diameter of 
which is 29 ins., is machined on a milling machine, which reduces its 
weight from 317 to 104 lbs. All surfaces are machined, and considerable 
importance is attached to the finish of the surfaces which have to bear 
very high mechanical loads, rotation being at the speed of 12,300 r.p.m. 
If the surface is badly finished these loads may cause cracks or even 
ruptures. Moreover the condition of the surface has a marked influence 
on the compressor’s efficiency. 

The two entry wheels which admit the air on either side of the com- 
pressor are even more complicated in shape and cannot even be stamped 
out in rough. Their initial weight of 60 lbs. is reduced to 12.8 Ibs. after 
finishing. For their machining, the blades must first be blanked out, 
then heat treated and finally the profiles and roots finished on a special 
fully automatic five-headed machine designed by Hispano-Suiza. 

The rotating part of the compressor—the central wheel, entry wheels, 
the blower wheel for the cooling system, the compressor shaft and its 
coupling—is then balanced with a precision of .46 oz. per inch on an 
electronic test bench. 

Machining of the turbine shaft and its couplings, of the turbine disc 
(“Noxis”’ steel) and the moving blades (“Nimonic 80”) requires the 
solution of several problems. The moving blades have “‘fir-tree” 
mountings to ensure tight fit. When cold they “float” (play is in the 
neighbourhood of 5 thousandths of an inch) and tighten up through 
expansion in the course of operation. Tolerances must be calculated so 
that expansion is just sufficient to provide a tight fit without entailing 
additional stress on the periphery of the disc. The blade sockets in the 
wheel are machined by a broaching process, the only means of ensuring 
true fit. The moving blades are machined out of forged pieces, pro- 
filed by means of special equipment on parallel lathes, then meticulously 
checked. The whole comprises 60 operations, including electrolytic 
polishing, which facilitates checking for surface flaws. To avoid vibra- 


2 The pilot starts up the ‘“‘Nene” by a simple push-button which actuates an auto- 
matic starter. 
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The exhaust-vanes and combustion chambors, of thin heat-resistant steel sheet (Nimo- 
nic) are first rolled, then spot-welded and finally welded on a Sciaky welding machine. 


tions the whole turbine is balanced with the same precision as the 
compressor wheel. 

Unlike the turbine’s moving blades, the distributor’s fixed blades 
are precision cast from heat-resistant steel alloy without machining, 
by the so-called “lost-wax” process. They are mounted between two 
rings (heat-resistant steel) with sufficient play to allow for expansion. 
The sockets for these blades are milled out with high precision on a 
special milling machine built by Hispano-Suiza. 


Sheet metal work 


One of the chief characteristics of the jet engine is the precision 
sheet metal work required for the combustion and exhaust systems. The 
“Nene’s” combustion system comprises nine straight-flow chambers 
mounted round the shaft and connecting the compressor exit with the 
turbine entry. Each combustion chamber comprises a flame tube in 
Nimonic 75 sheet (30 to 40 thousandths of an inch thick) in a mild steel 
casing. Welding of heat-resistant sheet requires very accurate regulation 


of the electronically controlled welding machines. Welds must be 


absolutely smooth and fatigue-resistant, and are subject to X-ray 


examination. 


Assembly and tests 


Once the various parts of the engine are complete, mounting of the 
sub-assemblies, such as gear box, air intake ducts, combustion chambers 
and turbine begins. 





The compressor, with its shafts, coupling and the cooling fan, is balanced dynamically 
on a high precision electronic bench. 


The turbine shafts are check- 
ed during machining Finish- 
ed turbine dise in the fore- 
ground (special forged steel). 


Turbine disc being assem- 
bled. To avoid cracking of 

the disc at high running 
temperatures the base of Basigs 
the blades must have a play 
when cold. 


Two views of the “‘Nene’’ assembly line. Left, two workers fitting the compressor’s discharge pipes which lead the compressed air to the combustion chambers. Right, engines 
complete with exhaust cone. Both pictures show the assembly of the turbine complete with shaft and coupling. 
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Testing the Air Equipement fuel meter and pumps on a special test bench. 


Next the main assemblies are put together : compressor and shafts, 
gas supply to turbine (the fixed blades are fitted with a certain play when 
cold to counter thermal stress during operation) and the exhaust cones. 

Considerable importance is attached to the correct functioning of 
the fuel feed system, including the pumps, burners, entry vanes, baro- 
metric regulator ; all are carefully checked on a special bench next 
door to the assembly shop. 

Finally, assemblies, sub-assemblies and all necessary parts are sent 
to the assembly crew who build up the finished engine. Each phase 
of the operation is meticulously checked. 

The engine is now ready for its endurance tests. 

Each engine is tested for a number of hours on the bench under 
varying running conditions. Thrust is very sensitive to speed of rotation 


and to ambient temperature. Speed of rotation is measured by a Rochar 
electronic revs. counter, whose precision is plus or minus one revolution 
per minute (the ““Nene’s” maximum speed is 12,300 r.p.m.). A 1.59C 
increase in temperature entails a 1% loss in thrust (a_piston engine 
only loses 1%, of its power for an increase in ambient temperature of 
5-5°C). 

The licence production of the “Nene” has enabled Hispano-Suiza 
to restore its production capacity and design offices, to find its place 
in the realm of aircraft jet engines. Today the production rate is ahead 
of that of airframes. All the French fighter prototypes which have come 
out since 1947 have been fitted with the “Nene.” 

Work on the “Nene” led to the design of an improved model, the 
Hispano R.300, three prototypes of which were made at the time when it 
was still not certain whether France would be able to have the Rolls- 
Royce “Tay.” With the same general dimensions (to ensure interchange- 
ability), and using nearly half the ““Nene”’ parts, the R.300 develops a 
thrust of 5,950 lbs., for a weight of 1,760 Ibs. At the end of 1951 one 
of the prototypes carried out a 150-hour test and a 15-hour continuous 
test at maximum thrust. The experience gained here will be of value in 
developing the ‘‘Tay,”’ which is far from having exhausted its capacities 
and will soon be replacing the ‘‘Nene”’ on the assembly lines. 

It may also be mentioned that Hispano-Suiza has perfected an after- 
burner, the R.400, now undergoing certification tests, for the ““Nene” 
and-the “Tay.”’ The difficulties encountered included the behaviour of 
materials exposed to a flame at 1450°C, ignition, stabilization of the 
flame, regulation, control, pumping 880 gallons of kerosene per hour 
under pressure, which requires an easily adjustable power of 50 h.p. 

The battle for supersonic speeds is now being waged, and France too 
has the engines which will enable this battle to be won. 


The Brunswick Aeronautical Congress 


pe Allied High Commissioners for Western Ger- 


“Zaunkonig’’) on light construction methods and 


Germany could no more renounce national develop- 
ment and national production of aircraft and ground 


many having removed some of the prohibitions on 
aeronautical studies and research, a first aeronautical 
congtess was held at the Brunswick Polytechnic on 
April 21st and 22nd. The congress was organized by the 
Rector of Brunswick Polytechnic, Prof. Koessler, the 
Verein Deutscher Ingenieure (Association of German 
Engineers) and the VDI’s Working Group for Aero- 
nautical Engineering. Some hundred representatives 
of former German aeronautical research institutes and 
aircraft industry, as well as a large number of students 
and other guests were present. 

The programme consisted of an introductory talk 
by Prof. H. Koppe, of Brunswick, and twelve other 
lectures, which gave listeners a very concentrated 
review of developments in aeronautical engineering 
outside Germany during the past seven years. The 
first day (5 lectures) was devoted primarily to theoretical 
questions and the second (7 lectures) to practical ques- 
tions. Prof. H. Schlichting (Brunswick Polytechnic) 
gave a comprehensive description of wind tunnel de- 
velopment, Dr. F.Riegels (Max Planck Institute), Géttin- 
gen) spoke on the problem of drag in high speed and 
high altitude flight, Dipl. Ing. B. Regenscheit (Aachen) 
on the experiments on boundary layer expulsion carried 
out at Gottingen during the war, in which lift values 
of up to 12.6 (4 7%) were obtained. Next, Ing. Schulz 
read a paper by Dr. E. W. Pleines on “High-speed 
flight and Aircraft Configuration.” 

The second day was opened by a lecture by Prof. 
H. Winter (Brunswick Polytechnic ; designer of the 
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research, with descriptions of the latest developments 
in this field—high performance materials, sandwich 
construction, metal bonding, cold press welding (Ge- 
neral Electric). This was followed by a talk in Eng- 
lish by D. J. Lambert (Aerodynamics Department of 
Vickers-Armstrongs, Ltd., Weybridge) on “Develop- 
ments in the Design of Civil Aircraft,” dealing with 
general aspects of the design of high-speed aircraft— 
gas turbine engines, pressure cabins, surface finish 
(Vickers have developed an automatic measuring in- 
strument for surface smoothness)—and giving the 
concrete example of the Vickers “Viscount.” The 
following also spoke: Prof. E. Schmidt (Brunswick 
Polytechnic) on the principles of aircraft propulsion ; 
Prof. K. Léhner (Brunswick Polytechnic) on piston 
engines; Dr. V. Gersdorff (SNECMA, Paris) on turbine 
engines; Dr. Ing. O. Schrenk (Paris) on flow problems 
in the supersonic ramjet engine; Dr. Ing. P. Ruden 
(Paris) on engine aerodynamics. A paper by Dr. Ing. 
E. Réssger (Freudenstadt) on modern navigation me- 
thods in aviation, and a film show of last year’s SBAC 
Show at Farnborough closed the congress. 

All these lectures were based on a effort to examine 
the full extent of the tremeridous progress made in 
foreign countries in the fields of research and civil 
aeronautical engineering, so as to be able to judge 
whether restoration of civil aviation, the research 
institutes and industrial organizations in a largely im- 
poverished country would be reasonable. All the 
speakers answered this question in the affirmative ; 
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installations than she could permanently buy foreign 
ships for her shipping (Prof. Koppe). Tremendous 
research installations (of former German and present- 
day American model) were not absolutely essential. 
Much, including the most important, could be solved 
by theoretical basic research at small, though well- 
equipped institutes. Basic research had always been a 
forte of German science (Prof. Schlichting). Above all 
the gap in the supply of young scientists and technicians 
produced by a seven-year cessation of training must 
be filled by the resumption of instruction and research 
at the technical high schools (Prof. Winter). 

With this end in view measures had been taken even 
before the congress to re-form the old Wissenschaftliche 
Gesellschaft fiir Luftfahrt (Scientific Society for Avia- 
tion). A meeting of the members of this Society, held 
during the congress, unanimously accepted the con- 
stitution in force before 1933. The following were 
elected to the board of the WGL: Prof. H. Blenk 
(chairman ; research representative) ; Dipl. Ing. Blume 
(representative of industry) and Ing. Sondermann 
(Brunswick Airport management), together with an 
assistant body of fifteen. Headquarters are at Brunswick, 
and its articles state : 


It is not necessary for Germany to become “a nation of 
flyers,” but it is necessary that she should again have equal 
right to make her contribution to the progress of science and 
engineering—including aviation. 
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BY A. AVINER, TEL-AVIV 


Israel and world air geography 


Back in the early thirties Israel’s first aviation 
pioneers dreamt a great dream in which Pa- 
lestine was to become the foremost air-traffic 
centre in the Middle East. 

This dream was based on the belief that by 
virtue of its central geographical position in 
this region, Palestine would draw to it an ever 
increasing amount of European and British 
Empire air traffic destined for India and the 
Far East. 

Like the hub of a wheel, the spokes of which 
radiate to the circumference, this country 
would cater for the individual traffic require- 
ments of the surrounding countries by a net- 
work of feeder routes to Beirut and Damascus 
in the North, Amman and Baghdad in the 
East and Egypt in the South. While Cairo 
served as the main transit base for the England— 
India—Australia and England—South Africa 
routes, it was hoped that the increasing political 
demands of the Egyptians would in time induce 
the British to build an alternative international 
airport in Palestine. This hope was vindicated 
with the establishment of Lydda airfield which 
to this day is the finest international airport 
in the Middle East. 

The first commercial air route linking this 
country with West and East alike was establish- 
ed by Imperial Airways in 1927 when its land- 
planes flying from Cairo to Baghdad stopped 
at Gaza airfield. During the thirties Haifa and 
later Lydda gained in importance as the Egyp- 
tian Misr Airlines began to fly the Haifa-Cairo 
route, and several European Airlines began 
to make their scheduled calls. The most impor- 
tant among these were the Italian flag-line Ala 
Littoria, KLM-Royal Dutch Airlines, the 
Polish airline LOT and Air France. In 
addition to landplanes, the British flag airline 
frequently used Lake Tiberias and the Dead 
Sea for its flying boats. In addition, the spokes 
of the wheel were fitted one by one to the hub. 
Before the outbreak of Israel’s war of independ- 
ence there were feeder connections to Beirut, 
Damascus, Nicosia, Port-Said, Alexandria and 
Cairo. It looked as if the dream was about to 
come true. 

Then came the year 1948. Civil strife began 
in January and violence increased with every 
successive month. By April the Jews were 
forced to leave Lydda airport, and when the 
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Israel's Place in World Aviation 











The author of this survey is the Secretary to the Inter- 
national Aviation Centre of Israel and Director of Public 
Relations to the Aviation Council for Israel. 
edits and manages the only civil aviation journal pu- 
blished in Hebrew in Israel, Hateufa (‘*Aviation’’). At 
the present time Mr. Aviner is actively engaged in deter- 
mining the helicopter’s commercial potentialities in his 
country. 


He also 








British withdrew two days later, the Arabs 
were left in possession of the place. The in- 
ternational air carriers decided to abandon 
Lydda and re-routed their services temporarily 
via Cairo. The Jewish community was left in 
complete isolation of the outside world. 
With the capture of Lydda in June, 1948, 
by the Israel Defence Army, the airport was 
immediately reopened. Since then Lydda’s 
business has grown immensely and far exceeds 
that of pre-war times. But Lydda today is 
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Israeli air transport : The only present domestic route, 
Lydda—Eilath (Gulf of Akaba) is operated by Arkea 
with Curtiss C-46 “Commandos.”’ EI-Al runs interna- 
tional services to Athens, Rome, Zurich, Paris, London, 
New York. 


mainly a terminal catering almost exclusively 
for the traffic requirements of Israel’s popula- 
tion. 

In view of the fact that in present circum- 
stances Lydda can no longer take passengers 
destined for the Lebanon, Syria or Jordan, it 
is only natural that other international airports 
are springing into existence or are being planned 
in these countries. The international air car- 
riers were forced to divide their traffic to and 
through the Middle East between Israel and 
the. Arab States, which again has caused a 
certain amount of route duplication. 

Many people still believe in the importance 
of the Middle East as a major link for air trans- 
port between West and East, North and South. 
Although there can be little doubt with regard 
to its strategic importance as an aerial base and 
its value as a vital link for shipping and surface 
transportation between three continents, I do 
not think Israel or the Middle East as a whole 
lies astride any important commercial air 
artery of the future. 

When the airlines of the world decided to 
lay their great transit routes via the Middle 
East, they were influenced in their choice by 
three important factors which at the time had 
nothing to do with the routes being the short- 
est ones. These factors were : 


(A) Poor performance and insufficient reli- 
ability of past transport aircraft necessitated 


The terminal building at Lydda Airport. The airport is being expanded and will probably rank as a Class ‘“‘A”’ airport 
next year. 
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the choice of routes along which satisfactory 
meteorological, climatic and topographical 
conditions prevailed. The Middle East route 
was in this respect the best. 


(B) The relatively short range of past and 
even most present aircraft influences the 
planning of routes insofar as suitable transit 
and refuelling stops must be available. 


(C) The establishment of long overland 
routes with many intermediate stops depends 
on the acquisition of political rights for flying 
over and landing in sovereign states. In the 
past the Middle Eastern route was the easiest 
in this respect. 


One of the two Curtiss C-46 “Commando” transports 


which El Al handed to the new “Arkea” company for the 
operation of Israel's only internal air service, from Lydda 
to Eliath, on the Gulf of Akaba. 


The shortest route from Europe to India or the 
Far East crosses Central Europe, the Balkans, 
Southern Russia or Northern Turkey and 
Afghanistan. On this particular route severe 
topographical, climatic and meteorological dif- 
ficulties would have been encountered and long 
stretches were completely devoid of suitable 
landing fields or the prerequisites for the 
construction of such bases. Furthermore, this 
particular route has always been studded with 









































“Coach services”: 
transport with access to Yemen. 


political problems which are well-nigh insur- 
mountable. 

The technical shortcomings of aircraft are 
now being surmounted, and as the years pass 
the planning of world air routes will be less 
subject to topographical or weather considera- 
tions. Also, longer range and increasing stage 
lengths make planning less dependent on the 
availability of intermediate stopping facilities. 
When we apply these factors to the considera- 
tion of a future West to East route and add to 
them the increasing political difficulties in- 
herent in today’s Middle Eastern set-up, then it 
becomes apparent that the present route is 
about to lose its previous advantages and that 
with the coming years we may look forward 
to a decrease in transit traffic. Very likely the 
Eastern route will tend to move northwards 
and away from Israel so as to shorten flying 
time. 

The present temporary decline in aircraft 
transit movements and the probability of a 
permanent future decrease of such flights 
through Israel is and will be more than offset 
by the ever increasing interest which European 
and other airline operators are taking in Israel 
itself. There are today eleven foreign carriers 
operating into Israel, and we are confident that 
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Yemenite Jews being flown to the land of their forefathers. The aeroplane was the only form of 
More than 200,000 Jews have been carried to Israel in the past four years. 


their number will grow. Unfortunately, the 
Government of Israel has been unable to make 
good use of a number of outstanding oppor- 
tunities because of the present economic crisis 
and its dire shortage of foreign currency. When 
the troubles started in Egypt a few months ago, 
BOAC planned to shift all of its Middle East 
services, including the projected Comet run to 
the Far East, to Lydda. Also, Pan-American 
Airways’ planners were interested in operating 
Boeing “Stratocruisers’”’ through Lydda, the 
only airfield in this region with runways strong 
enough to withstand the impact weight of this 
type of aircraft. But apart from the monetary 
difficulties, it is doubtful whether Lydda could 
accommodate such a vast increase in traffic 
at such short notice. 

In spite of these delays in development, 
work in Lydda is continuing at a rapid pace, 
and there is good reason to believe that by next 
year it will rank as a Class “A” airport. Run- 
way extensions are in the process of completion, 
high intensity fog-penetrating runway lighting 
is being installed, ILS and GCA equipment 
has been ordered. In addition, plans have 
been drawn up for an alternative field to Lydda. 
This is necessary as aircraft have now to be 
diverted to Nicosia when Lydda is closed. 


El Al, Israel National Airlines, was formed in 1949. Today it has three Lockheed ‘Constellations’ (two of which are seen at Lydda) and three Curtiss “Commandos,” and plans 


to add “‘Super Constellations’’ in 1954. 
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Basis of Israel’s aviation policy 


With the establishment of the State in 1948, 
the urgent need of developing our own aviation 
became apparent. 

Israel’s physical contacts with the world at 
large are limited to communications by sea 
and air, since along its land frontiers it is (still) 
surrounded by belligerent nations. Sea com- 
merce is also made difficult by the fact that 
goods destined for this country cannot pass 
through the Suez Canal or the Gulf of Akaba. 

These factors are an indication of the im- 
portance Israel attaches to air transport. Fur- 
thermore, in time of war foreign carriers may 
withdraw their services at a moment’s notice. 
The only way of ensuring regular communica- 
tions with other countries and particularly with 
the many Jewish communities scattered all over 
the world was to build up a national system 
of external airlines. 

When Israel first achieved her independence 
in 1948, the number of Jewish inhabitants was 
about 650,000. Today, only four years after the 
proclamation of independence, the Jewish 
population totals 1,300,000 persons, which 
represents a 100 per cent increase. The feat of 
“ingathering”’ the exiles could not have been 
achieved without air transport which alone was 
responsible for bringing more than 200,000 
immigrants during the four years. The aero- 
plane was the only mode of transportation by 
which access to Yemen could be obtained, and 

it was instrumental in transplanting all of 





Youngsters building model aircraft at one of the branches 
of Israel’s Aero Club. 


Yemenite Jewry to Israel. The transfer of 
120,000 Iraqi Jews was also effected by air 
transport. 

Besides the necessity of linking this country 
with the rest of the world by means of air 
transport, there are wider reasons underlying 
the need for a forced development of Israel’s 
aviation. 

Israel emerged from the war of independence 
with a relatively strong Air Force, but she had 
no civil aviation worthy of its name. The 
continued enmity of the Arab States and the 
instability of the world situation demand that 
we be strong in the air. On the other hand, 
the pace at which exiles are ingathered and the 
State is being built up brings with it grave 
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The father of Jewish aviation, Ernst Rappaport, a 
lawyer who came to Palestine from Germany in the 
early ‘thirties. 


economic hardships and an urgent need for 
developing such branches of our economy as 
contribute to the welfare of the State and are 
essentially productive. A strong Air Force, 
although necessary, is not productive and 
economically speaking constitutes a liability. 
Therefore, the task confronting us is to de- 
velop productive air power to the maximum 
extent possible, in other words, to develop a 
strong commercial aviation. 

The prerequisite for a balanced aviation 
economy in all fields of activity is the existence 
of a commercial air fleet. Such a fleet could 
be activated in three main domains of oper- 
ation. These are a) internal air transport, 
b) short-range feeder connections to neigh- 
bouring states, ¢) long-range external air 
services. 


(Internal) air transport 


Flying activities in this country started in 
1933. But the first serious attempt to create 
Jewish aviation was made only in 1936 after 
the foundation of “AVIRON” The Palestine 
Aviation Co., Ltd., by such national institutions 
of that time as the Jewish Agency for Palestine 
and the Federation of Jewish Labour. 


Members of the Aero Club of Israel presenting their 
models at a rally held at Haifa Airport. 
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When “Aviron” was founded there were 
five other registered companies, but only one 
of them had reached the stage of maturity. 
This was the Palestine Airways Ltd., founded 
by the late Ruthenberg. The flying and ground 
equipment accumulated by the other four 
companies was absorbed by “Aviron.” 

“Aviron” was much more than just a com- 
mercial enterprise. It was the chosen instru- 
ment dedicated to the development of Jewish 
aviation, both civil and military, at a time when 
all such activities were discouraged by the 
British authorities as constituting a potential 
threat to the delicate balance of forces between 
the two communities, Jews and Arabs. 

During the early years of its existence, 
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The flying school of the ‘Aviron’? company at Lydda 


airport. 


“Aviron” was mainly responsible for the 
training of local youth, assistance to the Aero 
Clubs, and the creation of maintenance facili- 
ties. In addition, and until 1942, the company 
operated a regular service between Lydda and 
Tiberias. At the same time Palestine Airways 
made scheduled flights between Lydda and 
Haifa. During the war, Palestine Airways caved 
in just as its predecessors had done. “Aviron,” 
too, had to discontinue services until in 1944, 
when it received permission to fly regularly 
four times a week between Lydda and Haifa. 

By the end of World War II “Aviron” had 
established plans for the expansion of its 
services. Unfortunately, all attempts at devel- 
opment were stifled by the negative attitude of 
the Mandatory Government, then under the 
influence and direction of Labour policies in 
England. 

The official attitude of the Labour Govern- 
ment was to nationalize Palestine’s Civil Avia- 
tion, which meant that the Government would 
simply run its own services, or else that it 
would seek active participation by private 
capital and existing companies, both Arabic 
and Jewish, in a unified enterprise. 

The former of the two alternatives was never 
seriously studied, and the second plan had no 
chance for survival because Jews and Arabs 
would never actively cooperate. 

At the beginning of the war of independence 
“Aviron” ceased to exist as a civil aviation 
enterprise, and its staff, equipment and facilities 
were used to assist in the creation of the Israel 
Air Force. 








During 1949 a new internal company was 
set up by “EI-Al,” the national air line, and the 
Federation of Jewish Labour. The airline was 
named “ARKEA” and received two Curtiss 
C-46 “Commando” aircraft from EIl-Al with 
which, in February 1950, it started a regular 
service between Lydda and Eilath, Israel’s 
future town and port on the Gulf of Akaba, 
over the longest internal route ever operated 
connecting the extreme South with the rest of 
the country. One of the C-46s operating on the 
route is a cargo carrier supplying the southern 
district with essential materials and carrying 
back the much coveted fish from the Gulf of 
Akaba. By December 1951, “Arkea” had 
carried 31,365 passengers and 2,735 tons of 
freight in a total of 1,677 trips. 

The Lydda—Eilath route is to this day the 
only one in operation within the borders of 
the State, but routes from Lydda or Tel-Aviv 
airport to Haifa, Tiberias and Beersheba are 
in preparation. Plans for an airfield at Jerusalem 
have now been completed; if it is built, airline 
operators hope to include the capital in their 
services. 

In my opinion, however, all such internal 
services will be severely restricted in their 
scope because the carrier chosen for this type 
of operation is the conventional aeroplane. 

On the other hand, the country’s geogra- 
phical peculiarities offer vast opportunities to 
the helicopter once it attains technical reliability 
and operating economy comparable to feeder 
aeroplanes of our time. If England is regarded 
as a suitable area for the exploration of the 
helicopter’s potentialities, how much better 
would Israel serve the purpose of a proving 
ground. 


External air services 


‘ 

If the extensive utilization of our national 
air space must await the evolution of suitable 
equipment and if the operation of feeder servi- 
ces to neighbouring countries is barred to us 
for an indefinite period of time (at least until 
a peace settlement between the Arab States 
and Israel is achieved),.then anyone who 
attempts to interpret the stereotyped growth 
of Israel’s Aviation will understand why we 
were forced to seek development in other 


The people responsible for Jewish civil aviation today, photographed at the Interna- 
tional Civil Aviation Centre. Standing, B. Locher, Chairman of the Jewish Agency 
Executive ; at his right : H. Razily, Chairman of the Centre and the Aviation Council ; 
A. Pincus, General Manager, El-Al; V. Michaeli, Deputy Director of Civil Aviation ; 


fields and more ambitious projects. These 
factors and the dependence on air transport 
for keeping open our lifeline with the world 
at large influenced the Government’s decision 
early in 1949 to create a national company 
which was to operate external air services to 
Europe, Britain, the United States and South 
Africa. 

Most international carriers thrive on their 
own nationals travelling abroad, they operate 
on routes where strong common interests 
exist or where the traffic potential is so great 
as to justify competition with other carriers. 
Only a very small percentage of the nationals 
of other countries live abroad. In the case of 
Israel the opposite is true. Exceptionally 
strong ties bind us to the many great Jewish 
communities throughout the world. When we 
regard these communities and the inhabitants 
of Israel as two inseparable parts of the same 
people, then the strong community of interests 
becomes apparent. It so happens that only a 
small fraction of the Jewish people lives in its 
own land. For instance, the number of Jews 
living in New York exceeds by far the total 
population of Israel. It is on the full exploita- 
tion of this community of interests that El-Al 
intends to develop and expand. 

El-Al began its operations with Douglas 
C-54 “Skymasters” but has progressively ex- 
changed these planes for Lockheed ‘Constel- 
lations.” Three of these are in service now and 
a fourth is expected soon. In addition, El-Al 
operates regular freight services to Europe 
with three Curtiss C-46 “Commando” cargo 
aircraft. A fourth “Commando” is being con- 
verted for-passenger transport. Future plans 
include the purchase of Lockheed L-1049 
“Super Constellations” which are expected 
here by 1954. 

The company’s present passenger and freight 
services connect Israel with Athens, Rome, 
Zurich, Paris, London, New York and Johan- 
nesburg. 


Training and manpower 


With the increasing flow of Jewish immi- 
grants from Europe during the early thirties, 
there came to this country a number of men 
who had been active in aviation for a consider- 


at his left : Wing Commander J. O'Neill, British Air Attaché ; Major 8. Armon, Israel 


Air Force ; the Author ; E. Rappaport, Directorate of Civil Aviation. 





ie 


INTERSCOAVIA 


Lydda Airport : left to right : 





able time. 


Amongst this group was Mr. E. 
Rappaport who had formerly practiced law in 
Germany and who brought with him a good 
deal of flying experience on powered aircraft 
and gliders. Dr. Sultan, also a German Jew, 


atrived at about the same time. The latter, 
a practising dentist, has been actively engaged 
in aeronautics since 1908. Mr. Zuckerberg 
(Zur), from Poland, with extensive commercial 
flying experience obtained in France, and 
Mr. E. Phorilla, a designer of gliders, sailplanes 
and a licensed aircraft engineer, are outstand- 
ing examples of this early group which gave 
the initial impetus to flying activities in Israel. 

These men formed the professional nucleus 
around which the Aero Club of Israel and the 
flying school of the “Aviron” company were 
built up. 

Aviation training was an important factor 
in the overall security programme ; moreover 
there being no other outlet to the early aviation 
pioneers, this domain of activity was intensely 
cultivated. Branches of the Aero Club sprang 
up in many towns, villages and communal 
settlements. Hundreds of youngsters received 
their initial instruction there and were taught 
how to build and fly model aircraft. Gliding 
training was also available. The flying school 
of “Aviron,” working in close cooperation 
with the Aero Club undertook the flying 
training part. The first ten pupils to receive 
their private pilot’s licences graduated during 
the summer of 1939. 

After the World War the capacity of both 
the Aero Club and the flying school of “Avi- 
ron’ was increased by ex-servicemen who 
returned from the RAF. In 1948, prior to the 
war of independence, 140 flying students had 
successfully graduated. 

Nevertheless, the number of locally trained 
men available and our ability to train additional 
personnel are insufficient to keep pace with 
the vastly increased tempo with which civil 
aviation developed immediately after the war. 
The creation of the Department of Civil 
Aviation, the national airline El-Al, Arkea, 
and the expansion of the Aero Club placed a 
terrific strain on the already meagre man- 
power resources. When these resources were 
stretched to their limit, improvisation had to 


A. Pincus, General Manager, El-Al ; Mr. Gur, Director of 


Civil Aviation ; Dr. Dov Joseph, Minister of Communications in 1951 ; behind him, his 
personal secretary ; Mr. Zur, Manager, Lydda Airport ; Mr. Bron, head of the Govern- 
ment’s airport division ; V. Michaeli, Deputy Director of Civil Aviation. 
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take the place of efficiency. Numerous posts 
had to be filled by personnel who had no avia- 
tion background whatsoever. Other vacancies 
could not be filled by local personnel at all, 
and in many instances, when highly qualified 
technical or flying personnel had to be re- 
cruited this was done by employing foreigners. 

But just as the creation of El-Al in 1949 was 
prompted by the realization that it was better 
to have one’s own airline than to rely on 
foreign carriers in times of emergency, so it 
has been realized for some time that as long as 
an airline or any other aviation enterprise 
is dependent on foreign staff in key posts, 
one cannot really call it one’s own. The only 
insurance for continued service at any time 
lies in an adequate reserve of locally trained 
commercial pilots, mechanics, engineers, traffic 
controllers, etc. 

So far no continuous civil air training pro- 
gramme exists in this country. Youngsters 
who join the Aero Club of Israel obtain some 
flying experience up to the standard of private 
pilot’s licence, but the degree of proficiency 
attained through the Club is far below that 
required by commercial aviation enterprises. 
The lack of suitable training facilities for 
would-be mechanics, engineers and related 
professions is even more marked. 

Although there is a universal shortage of 
trained manpower due to the fact that the 
pace of air transport development has outrun 
the ability of many nations to train the required 
number of operational technical and admin- 
istrative personnel (and after an existence of only 
four years we cannot expect too much in this 
respect) it seems to me that in the case of 
Israel the dire shortage of manpower is mainly 
a result of the existing gap between the maxi- 
mum standard of proficiency obtainable 
through local training facilities and the mini- 
mum grade essential for professional employ- 
ment with a civil aviation enterprise. 

There are some students attending schools 
and Universities in England and the USA, 
but their number is severely restricted due to 
the immense cost involved and the difficulties 
in getting the necessary foreign exchange. 

Meanwhile, the Haifa ‘*Technion,” under 


























Aircraft of the Aero Club are also used for utilitarian purposes. These Pipers are on a relief flight to the Neger to 


drop supplies to settlements cut off by heavy floods in December, 1951. 


the guidance of Professor S. Goldstein is going 
ahead with plans for the establishment of an 
aeronautical academy within a few years. 
The only civil body actively engaged in 
fostering airmindedness amongst Israel’s youth 
and in flying training is the Aero Club of Israel 
which has greatly expanded since the establish- 
ment of the State. The Aero Club, which is a 
member of the Federation Aeronautique In- 
ternationale, has about 50 branches throughout 
the country where more than 2,000 boys and 
girls receive basic indoctrination and instruc- 
tion in the building and flying of model air- 
craft. There is a gliding school and a workshop 
for the construction of gliders and sailplanes. 
Furthermore the Club is operating a flying 
school equipped with a considerable number 
of Piper “Cubs” and some Nord “Norécrin” 
aircraft. During 1951, 37 private pilot’s licen- 
ces were issued to graduates of the flying 


The “Stratojet’’ gets more 


: of the major problems facing the designer of a 
very fast jet bomber are, first, how to get the aircraft 
off the ground within a reasonable distance in order to 
make it suitable for operation from as many fields as 
possible under various temperature conditions ; second, 
to provide the machine with maximum range for its size ; 
and third, to stop it as quickly as possible after it lands. 

The photo reproduced here shows how the three 
problems have been solved in the latest version of the 
Boeing “Stratojet” six-engined medium bomber, the 
185,000 lb. B-47B, which the manufacturers describe 
as “the world’s fastest bomber.” 

Take-off of the B-47B is assisted by 18 Jato rockets— 
nine on each side—with a total short-period thrust 
of 20,000 Ibs. Their openings are visible just ahead 
of the USAF insignia on the fuselage. After use, the 
propellant containers can quickly be replaced. 

Range is increased by the two external fuel tanks, 
the capacity of which is not disclosed but which are 
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described as “the largest ever mounted to an airplane.” 
They are painted in a gaudy pattern of black and white 
to facilitate identification during drop tests. The tanks 
are built by Ryan Aeronautical Co. Thus equipped the 
“Stratojet” is believed to have a range of about 3,000 
nautical miles. 

Finally, the /anding run of the “Stratojet” is slowed 
down by a braking parachute housed in the bullet- 
shaped bulge at the intersection of the vertical and 
horizontal tail surfaces. The parachute is released imme- 
diately after the aircraft touches down. 

The Boeing B-47B, which is in large-scale production 
at the Wichita, Kan., Division of Boeing Airplane Co., 
is also somewhat faster than its predecessor owing to the 
installation of the new, more efficient General Electric 
J-47-GE-23 jets rated at 5,800 or even 6,200 lbs. s.t. 
each, compared with 5,200 lbs. of earlier engines used 
on the B-47. The new “Stratojet” is estimated to have 
a top speed of about 540 knots (620 m.p.h.). 


INTER SCAVIA 


school and the present average is around two 
licences per week. 

The Aero Club, in contrast to those of most 
Western European countries, is a national, 
though non-political, movement financed by 
the Aviation Council for Israel which again is 
subsidized by various Government Ministries. 


To sum up 


Civil aviation is one of the youngest bran- 
ches in the country’s economy. The little we 
possessed before the war of liberation was 
devoured by the wareffort. After the war, Israel’s 
aviation had to start from scratch. It has not 
been encumbered by tradition, but neither did 
it possess the necessary background of expe- 
rience with which mistakes could have been 
avoided. Its early struggles, present achieve- 
ments and future prospects should make in- 
teresting reading for any student of air power. 
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Men of the 16th Independent Parachute Brigade Group marching to attend one of their 
training periods at the RAF Parachute Training Unit in the Suez Canal Zone. The 
name of the unit is picked out in pebbles on a mound of sand. 





A Sergeant instructor of the RAF Parachute Training Unit demonstrates to men of 
the 16th Independent Parachute Brigade Group the correct way to fit and wear para- 
chute harness. 







Sliding down the chute, troops learn the correct way to tumble for a parachute landing. 
On the left is Flight Sergeant G. Munro, of Rothes, Morayshire, senior parachute 
instructor. 






troopers Keep in Trim 


A few weeks ago the Royal Air Force opened a special Parachute 
Training Unit in the Suez Canal Zone under the command of 
Flight-Lieutenant G, Turnbull, AFC. This is a fully equipped 
airborne training centre and is located on the shores of the Great 
Bitter Lake. 

Its duty is to provide continued training to members of the 16th 
Independent Parachute Brigade Group, a unit of the British Army. 
The Group flew and sailed from England to Cyprus in June last 
year when the Anglo-Iranian petroleum crisis was becoming 
acute. It was stationed at Nicosia for several months and was 
moved to the Suez Canal Zone towards the end of 1951 when anti- 
British tension was increasing in Egypt. 





Flight Lieutenant G. Turnbull, AFC, Officer Commanding the RAF Parachute Training 
Unit in the Suez Canal Zone watches paratroopers training on a mock-up fuselage. This 
is used to teach the troops how to leave aircraft and the correct method of jumping 
from the door. Behind F/Lt. Turnbull are Captains K. W. Brown and B. Arkle, of the 
16th Brigade. 

Paratroops training on the swings under the eye of RAF instructors at a station in the 


Canal Zone. This apparatus teaches the troops how to manipulate their parachute 
rigging lines not only to assist an accurate landing but also to disentangle the para- 
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“Bombing up” a four-engined Handley Page ‘Hastings’ transport aircraft at the RAF 
Parachute Training unit in the Suez Canal Zone. In this case the “‘bomb” is a jeep, which is 
being fitted to the carriers underneath the fuselage ready for a demonstration drop by parachute. 


The first of two jeeps is dropped from a ‘‘Hastings”’ 
Note the crash pans under the wheels of the jeep, which is landed by four parachutes. 


“Jump 1” men of the 16th Independent Parachute Brigade Group stream from the doors of 
a Royal Air Force “Hastings” during a demonstration in the Suez Canal Zone. A jeep and 
75 mm. howitzer are slung beneath the fuselage-and will be dropped by parachute in a few 
The “Hastings” is flying over one of the airfields on the shores of the Great Bitter 


seconds. 
Lake. 


White-helmeted paratroops climb aboard a Royal Air Force ‘‘Hastings” for a 
demonstration exercise in the Suez Canal Zone. 


aircraft in the Suez Canal zone during a training exercise staged recently by the 16th Independent Parachute Group. 


The Unit operates a complete range of training equipment— 
swings, chutes, mock-up aircraft interiors, etc. Four-engined 
RAF “Hastings” transports are available for airborne training 
and Vickers “Valetta” transports of the Middle East Air Force 
can be added for large-scale exercises. 

Training is conducted under the direction of RAF officers and 
NCOs who have been detached from No. 1 Parachute Training 
School at Abingdon, Berks., and who are working in close 
cooperation with the officers of the Brigade. The commander of 
the unit, F/Lt. Turnbull, has more than 4oo drops to his credit. 

A typical exercise conducted recently involved the dropping of 
jeeps and 75-mm pack howitzers specially constructed for air- 
borne operations, as well as the gun crews. Each “Hastings” 
first dropped the ten members of the gun crew, and as they were 
descending the pilots released the gun and the jeep (a total weight 
of two tons) from beneath the fuselage. They were followed by the 
supply containers. On landing the paratroops got rid of their 
harness, raced to man the jeeps and guns and drove them off to 
the dropping zone. 

The pictures on these two pages illustrate the training the 
paratroopers undergo to keep in fighting trim. (Photographs : 
British Crown Copyright.) 











AIR TRANSPORTATION 
Atlantic tourist class services 


@ Eleven of the Atlantic airlines belonging to IATA 
(Air France, BOAC, El Al, KLM, LAI, PAA, Sabena, 
SAS, Swissair, TCA, ‘TWA) started the regular tourist 
class services across the Atlantic decided upon at Nice in 
December 1951, on May 1st. The number of services 
will be increased progressively from 39 at the beginning 
to 71 a week as from August 1st. During the high 
season there will be no less than 8000 tourist class seats 
a week available. Fares are on an average 30%, below 
the first class rates (e.g. London—New York return : 
$486 instead of $711). The new low fares will also 
make it possible for an American tourist to take a two- 
week’s vacation in Europe for as little as $525 all-in. 
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The first of the new faster North American F-86F 
«“Sabres’’ being handed over to the U.S. Air Force. With 
its General Electric J-47-GE-27 jet engine (static thrust 
5800 lbs.) it ean fly at over 650 m.p.h. 


International organizations 


@ In an effort to standardize units of measurements and 
weights in air-ground radio communications ICAO has 
announced that after September 1952 only two systems 
of units will be recognized. Member States of ICAO 
will have to choose between these two systems (“ICAO 
Table” or “Blue Table’), the more important items 
of which are given below : 


* Extracts from IJnteravia Air Letter, daily interna- 
tional news digest in English and French. All rights 
reserved. 


Helicopter parade : Ten-seat 8-55 helicopters lined up at Sikorsky Aircraft Division’s 
airfield, Bridgeport (Conn.) ready for delivery to the U.S. Air Force and the Marine 


Corps. 


Louis Couhé—Chairman of the Board of Directors, Paris 
Airport (left)—who attended the Fifth Annual Conven- 
tion of the Airport Operators Council in Hollywood at 
the end of March, later made a tour of inspection of the 
most important American airports. Other delegates to 
the Convention included (right of Couhé) L.W. Wulfe- 
kuhler, Secretary and General Manager, Lockheed Air 
Terminal ; Gordon Stanton, Head of Aviation Develop- 
ment, Lockheed; the Most Reverend J. Francis A. 
McIntyre, Archbishop of Los Angeles, 


Dimensions ICAO Table ‘Blue Table 

Distances Nautical miles Nautical miles 
and tenths and tenths 

Altitudes Metres Feet 

Horizontal speed Knots Knots 

Vertical speed Metres per Feet per minute 
second 

Visibility Kilometres Nautical miles 
(or metres) (or yards) 

Weight Kilograms Lbs. 


@ The Eighth Annual General Meeting of the International 
Air Transport Association is to be held in Geneva from 
September 15th to 19th, 1952. Delegates from 62 mem- 
ber companies in 40 countries will attend the meeting, 
which will be presided over by the new LATA President, 
Dr. Walter Berchtold, Managing Director of Swissair. 


USA 


@ Air Freight—A survey recently completed by 
Warren T. Dickenson, Executive Engineer of Douglas 
Aircraft Co.’s Santa Monica Division, shows that air 
cargo in America increased by approximately 50%, during 
1951 as compared with the previous year. Yet only 
one tenth of one percent of all “light goods” are as 





yet sent by air—a proof of the development potential 
of air cargo business. 


Great Britain 


@ BOAC out of the red—On March 31st Sir Miles 
Thomas, Chairman of- BOAC, issued a special com- 
muniqué reporting that for the first time in its history 
the Corporation had closed a financial year (the year 
ending March 31st, 1952) with a profit. The final sum 
is not yet known, but the result (compared with a loss 
of £3,157,000 during the previous year) marks a 
happy turning point. 


France/Germany 

@ Air France—the first airline operating in Germany 
to do so—has introduced night services on the Frank- 
furt—Berlin route. The new airport lighting at Rhein- 
Main and the Lorenz ILS system shortly to be installed 
there will render valuable services here. 


AVIATION POLITICS 

What is “scheduled air carriage’’? 

@ Urgent need has been felt for some time in world 
airline traffic for an exact definition of “scheduled 
international carriage.”” The Chicago Convention had 
sought to free “non-commercial aviation’? from the 
necessity of obtaining prior authorization to fly over 
or to foreign territory, but had worded the relevant 
article so unfortunately that not only sports aircraft and 
taxi traffic but also all charter business had this advan- 
tage over scheduled airlines. The ICAO Council has 
now issued a definition which puts practically all major 
international charter companies into the same class as 
scheduled air traffic : 

“A scheduled international air service is a series of 
flights that possesses all the following characteristics : 

(a) It passes through the air space over the territory 
of more than one state ; 

(b) It is performed by aircraft for the transport of 
passengers, mail or cargo for remuneration, in such a 
manner that each flight is open to use by members of 
the public ; 

(c) It is operated, so as to serve traffic between the 
same two or more points, either : 

(1) according to a published time-table, or 

(2) with flights so regular or frequent that they 
constitute a recognizably systematic series.” 

ICAO member States must now decide whether they 
wish to accept the definition or not. 


SERVICE AVIATION 


NATO 

@ Of the total of $739,500,000 required to finance the 
aircraft procurement programme for the North Atlantic 
Treaty Organization, the United States is to contribute 


One of BEA’s 20 new Airspeed ‘“‘Ambassador’’ medium-range aircraft (Elizabethan 
class) in the new hangar at London Airport. 
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$291,500,000 and the other countries $448,000,000 
between them. 

@ On April 7th SHAPE headquarters launched— 
without troops—its first “command post exercise.” Under 
the direction of Field Marshal Lord Montgomery, the 
exercise was attended by 70 generals, admirals and air 
marshals (most of them from the Staffs of the Atlantic 
powers) to solve four tactical problems which might arise 
in the event of an “attack from the East.” ‘The exercise 
probably was a preparation for the summer manoeuvres 
in Germany. 


USA 

@ “Baby” a-bombs.—Tests carried out in Nevada and 
elsewhere in the use of tactical atomic weapons leave no 
doubt that the United States has developed a light- 
weight “baby” atomic bomb for use by tactical aircraft. 
Air Force Secretary Thomas K. Finletter has officially 
stated that “nearly all’? USAF aircraft are being equip- 
ped to carry atomic bombs, and Vice-Admiral John 
Cassidy has stressed that the ‘small a-bomb”’ has given 
carrier-based aircraft virtually limitless hitting power. 


Swedish Air Force recruiting drive 

@ The Swedish Air Force—today the fourth largest 
in the world—is trying to overcome its chronic shortage 
of personnel by recruiting short-service pilots (“fialtfly- 
gare’). Personnel who later volunteer for longer 
periods of service will receive a bonus of 25,000 kronor 
and help in returning to civilian occupations. 


Russian long-range bomber fleet 

@ Earlier warnings by American and other air experts 
that Russia is building up a considerable strategic 
bombing force were confirmed by British Air Minister 
Lord de L’Isle and Dudley in the House of Lords early 
in April when he said that Russia was developing a 
“powerful long-range bomber force.” He said that 





SO 60 C : Model of a medium-range jet airliner by SNCA 
du Sud-Ouest. Two SNECMA-ATAR 101 E jet engines 
are suspended in nacelles under the wing, and two 
auxiliary double flow jet units buried in the wing. 


Russia’s World War II conception of the air forces as 
merely an auxiliary to the army had undergone a pro- 
found change. 


AIRCRAFT INDUSTRY 

USA 

@ Production space now allotted to Lockheed “Super Con- 
stellation”’ assembly totals about 500,000 sq.ft. compated 
with 315,000 sq.ft. when the Model 749 “Constellation” 


The prototype of the Lockheed “Super Constellation’’ has 
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5 soy pee ; 
The Fiat ‘Ghost 48 Mk.1” jet engine, built by Fiat under 
de Havilland licence, was shown on Fiat’s stand at the 
30th Milan Fair (April 12th to 29th).—A model of the 
Fiat G.80 jet fighter trainer. 


was on the line. This is partly due to the larger dimen- 
sions of the new type and to the speed-up in production. 
Many of the plant’s departments working on the “Super 
Constellation” will go over to three-shift working 
during 1952. 


Sweden 

@ Svenska Flygmotor A.B. aircraft engine works, of 
Trollhattan, reports sales amounting to 310,000,000 
kronor during 1951. The share capital has been in- 
creased from 8,000,000 to 12,000,000 kronor. 


Australia 

@ Air Minister McMahon announced on April 8th 
that the first English Electric “Canberra” to be built 
under licence by the Commonwealth Aircraft Corp. will 
come out of the Victoria plant next October. 


FLYING EQUIPMENT 


@ Some details of the USAF and U.S. Navy’s develop- 
ment orders have become known. Republic Aviation 
Corp. has received a U.S. Air Force development 
contract for a new Republic XF-103 delta wing defence 
fighter. This company has also announced the Republic 
XF-84H version of the well-known ‘“Thunderjet” 
fighter. ‘The new aircraft, fitted with an Allison T-40 
propeller turbine, is to be used by the USAF for exper- 
imental purposes. 


@ Convair reports a contract from the Navy for a 
Convair X F2Y-1 delta wing fighter seaplane, of which two 
prototypes are to be built. 


@ The prototype of a twin-engined patrol bomber for 
anti-submarine operations is under construction at Chance 
Vought. The aircraft has the designation W’U-z. 


@ Lockheed is making tests with wing-tip fuel tanks for 
commercial aircraft. Clarence L. Johnson, Lockheed 
Chief Research Engineer, believes that all future air- 
liners (especially those fitted with jet engines) will have 
wing-tip tanks. 

@ The El Segundo Division of Douglas Aircraft Co. is 
working on the Donglas AD-6, a development of its 


been fitted with wing-tip fuel tanks for experimental purposes. 











carrier-based ‘“Skyraider’”’ low-level attack aircraft. 
Finally Northrop is occupied on the design of a more 
powerful version (for Mach numbers up to 0.97) of its 
F-89 ‘Scorpion’’ twin-engined all-weather fighter. 
Surprisingly enough this new version is to have 
an unswept wing—such as was previously used in the 
F-89 ; however two super-powerful Allison jet engines, 
of 10,000 lbs. thrust each, are to be fitted (earlier versions 
had Allison J-35-A-21 engines with 5200 static thrust, 
dry, each). 














@ ‘The French Secretariat General for Civil Aviation’s 
study group has worked out a table of specifications for 
a modern medium-range jet-powered airliner to carry 60 pas- 
sengers at a cruising speed of at least 375 m.p.h. at 
24,000 ft. over a range of up to 1200 miles. The leading 
French aircraft firms have been invited to work out 
























































The sailor's hammock... A flight of 410 
“Cougar’’ Squadron, RCAF, getting some tips about 
sleeping in a hammock from a sailor of the aircraft 
earrier Magnificent, before leaving for the United King- 


engineer 


dom. 


projects. So far some 20 proposals have been sub- 
mitted, including those from SNCA du Sud-QOuest, 
SNCA du Sud-Est, Bréguet, SNCA du Nord, Marcel 
Dassault, Hurel Dubois. 

Bréguet has proposed three types, all designated 
Bréguet 978 (with added letters to denote the version) : 
1) with pure jet engine ; 2) with double flow jet engine ; 
3) with propeller turbine or mixed propulsion (pro- 
peller and jet turbine).—For its project the SNCA du 
Sud-F:st chose the SE X 210 **Triatar’’ (three SNECMA- 
ATAR jet turbines) ; a second version—as in the case 
of Bréguet—is to be fitted with double flow turbines, 
and a third with propeller turbines —SNCA du Nord: 
Nord 3000 three-engined aircraft (with ATAR, or 
double flow jet engines)—SNCA du Sud-Ouest’s 
projects include a SO 60 A type (three ATAR jet 
engines), SO 60 B (four double flow jet turbines) and 
SO 60 C (two ATAR and two double flow engines). 
The design submitted by Dassault (Dassault g00) pro- 
vides for the use of three ATAR 101 D jet turbines. 
Hurel Dubois finally, has put forward a twin-engined 
type (HD 40), and a four-engined type (HD 41) with 
double flow jet turbines. 














Berlin Bastion, by Lowell Bennett, and its German 
translation “Bastion Berlin” by Ingeborg von Groll. 


Yet another book on the Berlin airlift. Frankly, in 
our opinion, everything that needed to be said has 
already appeared in “Decision in Germany” (published 
in 1950) by the American High Commissioner, General 
Lucius D. Clay (General Clay had plenty of opportunity, 
in 522 pages, of expressing himself in considerable 
detail). In any case it is perhaps not surprising that 
there should be nothing startlingly new in the present 
volume... However, the subject may perhaps have 
taken on new interest since the Russian shooting down 
on April 29th, 1952, of an Air France DC-4 on its way 


to Berlin. He. 


Air Touring Guide to Europe 1952-53: Published by 
Royal Aero Club Aviation Centre, London 1952. 


The third edition of the “Air Touring Guide to 
Europe” was reviewed a year ago in Interavia, Review 
of World Aviation (1951, No. 7, p. 392). Our comments 
on the conscientious and comprehensive treatment of the 
subject apply equally to the present, fourth edition. We 
also welcome the new chapters that have been added, 
the newly-introduced frontier pass for one day flights, 
itineraries, maps, etc.—However, on one point our 
remarks of last year have not borne fruit. The small 
eight-language glossary of the more important aviation 
terms still contains the same mistakes. A pi/ot is not 
“Lotse’ in German, but “Pi/ot” or ‘Flugzeugfihrer”’ ; 
navigation in German aviation language is not “Schiff- 
fabrt” (shipping), but “Navigation,” tail-wheel is “‘Heck- 


rad” not “‘Spornrad,” etc.... Until next year. He. 


The Aeroplane Directory of British Aviation (Incorporat- 
ing “Who’s Who in British Aviation’’), 1952 Edition. 
Published by Temple Press Ltd., London E.C.1. 


To anyone in daily contact with some aspect or other 
of British aviation this standard reference work is of 
very considerable value. It provides a complete guide 
to United Kingdom, Dominion and Empire service and 
civil aviation, including the organization of air minis- 
tries, air force commands, civil and industrial aviation 
authorities, aircraft, engine and allied industries, regular 
airline operators and charter carriers, etc. Very useful 
is the ““Who’s Who,” which contains over 1,500 bio- 
graphical references to leading personalities in British 
aviation. (English, 434 pages.) 


Aerodynamic Drag, by Sighard F. Hoerner. S. F. Hoer- 
ner, Midland Park, N. J., 1951. 


The vast subject of aerodynamic drag has been dealt 
with by the author in the form of a collection of data, 
a reference work. The book handles both theoretical 
and practical sides of the subject. The latest American 


334 





Book Reviews 
—_—— 








data are supplemented by the results of German re- 
search, some of them published for the first time (here 
Hoerner has been able to draw on his earlier experience 
at German aeronautical research establishments). “Aero- 
dynamic Drag” has been written primarily for aeronau- 
tical engineers, though specialists from other technical 
fields will also find much of value, since considerable 
space has been devoted to the elementary theory of 
drag (illustrated by several types of vehicles, such as 
cars, trains, ships). Ba. 


The Air League Aircraft Recognition Manual, by C. H. 
Gibbs-Smith. Putnam & Co., Ltd., London, 1952. 


The unerring recognition of aircraft is essential not 
only for the observer service and anti-aircraft troops, 
but also for the pilot, who must be able to distinguish 
friend from foe in the sky and recognize different air- 
craft types, so as not to shoot down friendly aircraft. 
Moreover, aircraft recognition has become a hobby 
with many other people, particularly the younger gen- 
eration. The present volume gives the details required 
for the recognition of nearly all present operational air- 
craft types, including pictures, chief characteristics and 


performance, brief descriptions, three-view drawings. 
Ba. 


Aerodynamics of the Helicopter, by Alfred Gessow and 
Garey C. Myers.—MacMillan Co., New York, 1952. 


A brief historical introduction and a general descrip- 
tion of rotary-wings serve as prelude to the actual subject 
of this book. The authors (both of whom have worked 
at the flight test division for rotary-wing aircraft at 
NACA’s Langley Aeronautical Laboratory) have suc- 
ceeded in presenting their copious material in clear, 
compact form. Theory is developed only insofar as 
it applies to all rotary-wing aircraft and is not confined 
to special cases. And theoretical descriptions are illus- 
trated by examples from practical experience. Finally, 
two special chapters are devoted to questions of stability 
and oscillation phenomena, and there is a particularly 
valuable appendix containing relevant reports by NACA 
and other American and European institutes. A brief, 
but clear index complements the text. Ba. 


Technical Dictionary in 8 Languages, published by “‘Disce”’ 
Publications, Ltd., London. Second edition, 1952. 


The publication of a technical dictionary in eight 
languages is particularly welcome since there has been 
a sensible lack of such volumes since the war. The 
present work covers the whole field of applied engineer- 
ing—from the simplest tools up to the most complicated 
machinery for metal and wood working, the textile 
industry, bridge building, transport, agriculture, etc. 
The editors have arranged and presented their extensive 
material with care and affection. The drawings and 
sketches devoted to each subject dealt with are chosen 
with skill, and clearly executed, with the various parts 
numbered in red. However, it is another question 
whether the expert will find all he wants in his special 


subject. Modern engineering cannot be dealt with 
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exhaustively even in 1088 pages... But the latter was 
doubtless not the object of the volume, which is a 
valuable means of acquainting oneself in a general 
manner with other specialized subjects. Ba. 


Lexicon of Terms Used in Connection With International 
Civil Aviation: English, French, Spanish (First 
edition, 1952), published by the International Civil 
Aviation Organization, Montreal. 


The plenary session of ICAO in 1949 had already 
recognized that it was essential to issue a multi-language 
glossary of the aviation terms used by the Organization. 
The present volume prepared by the ICAO Secretariat 
(and checked and approved by the ICAO Council) gives 
some 2,500 definitions in the three official ICAO langua- 
ges (English, French and Spanish), with brief references 
to sources (ICAO publications in which the word is used 
or explained). There are three appendices which con- 
tain a diagram of international aviation, a table of the 
various aircraft categories, and abbreviations and sym- 
bols (general abbreviations, technical units, measure- 
ments and weights). The main source has been the 
Standards and Recommended Practices issued as 14 
appendices to the Chicago Convention.—This lexicon 
is its own advocate and needs no recommendation 
from us. The foreword explains that the present edition 
(197 pages) is merely the basis of a much bigger work 


which will in time cover the whole realm of aviation. 
He. 


How and Why of Aircraft and their Engines. By James Hay 
Stevens and Maurice F. Allward. Edited by F.N. 
Hillier.—Published by Putnam & Co., Ltd., Lon- 
don, 1952. 


This is a book for air enthusiasts without advanced 
technical knowledge who want to know how aeroplanes 
fly and why they work. Starting from the elementary 
principles of mechanical flight, the book gives readers 
the essential knowledge of aircraft and power plant, 
from conventional piston-engined aeroplanes to jet- 
propelled aircraft and rocket propulsion. The 17 
tightly-packed chapters are brief, comprehensive and 
written in a straight-forward, clear style; they are 
illustrated by 75 simple diagrams. M. F. Allward deals 
with subjects associated with aerodynamics and J. H. 
Stevens is responsible for the chapters on aero-engines, 
jets, rockets and propellers. (English, 124 pages.) 


Books received 


Publications scientifiques et techniques du Ministére de |’ Air. 
Distributed by Service de documentation et d’informa- 
tion technique de |’Aéronautique, Paris. 


No. 256. Etudes des perturbations cristallines produites 
dans les métaux par des efforts alternés, by Paul Laurent. 


No. 257. Etude d’équations aux dérivées partielles ren- 
contrées dans la théorie des phénoménes de torsion, by Pierre 


Brousse. 
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Distance Measuring Equipment 





in tts principles and application to medium distance air navigation 


By F. PENIN & G. LEHMANN, Paris 


I. Introduction 


The considerable increase in air traffic over 
certain densely populated regions of the 
world (USA and Europe in particular) has 
necessitated a complete revision of the 
medium distance methods of navigation in 
use before the war, both as regards flight 
and radio aids. Traffic must inevitably be 
organized more and more like railway traffic, 
from the three-fold point of view of the 
organization of timetables and _ utilization 
of airports, the reliability of the equipment 
used, and the stability of the organization 
over a period of years or decades. 

The radio aids used have to meet very 
different needs from long distance aids or 
landing aids. 

In comparison with long distance aids, 
the systems employed in the regions of heavy 
traffic must be both more accurate (to within 
a few hundred yards rather than a few miles) 
and more speedy (operation must be practi- 
cally instantaneous to enable stacking man- 
ceuvres to be carried out promptly). 

Unlike landing aids, whose sole purpose 
is to guide the aircraft on to the runway 
axis, medium distance aids must be omni- 
directional, utilizable at any time by the 
aircraft no matter where it is, flying between 
two airports or circling one of them. 

The azimuth-distance system was stan- 
dardized in 1951 by the Montreal meeting 
of the International Civil Aviation Organiza- 
tion, and the object of the present article 
is to describe briefly the distance measuring 
system (DME), which is newer and less well- 
known than the VHF Omni-range (VOR) 
used to measure the azimuth. 


II. General exposé of the problem 


Medium distance aids must enable the 
pilot to determine his position rapidly, up 
to a distance of about 120 to 180 miles 
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from neighbouring airports. Accuracy must 
be high, in particular in the vicinity of 
airports where errors must be definitely 
smaller than might be tolerated, in view of 
the danger of collision between aircraft or 
with ground obstructions, and where the 
system must enable the aircraft to enter the 
field of the instrument landing installations 
without difficulty. This means that errors 
should not be greater than a few hundred 
yards for an aircraft within a range of about 
20 miles of its point of departure or arrival. 

At the latest international conferences two 
very different systems appear to have found 
supporters : 

The azimuth-distance system, using VHF, 
and the Decca hyperbola system, using LF. 

Although the latter seems to have con- 
siderable advantages for long range naviga- 
tion, it appears on the other hand to suffer 
from certain inconveniences over medium 
distances. 

Because of the small number of frequencies 
available in the LF band on the one hand, 
and the large amount of equipment required 
for a Decca chain on the other, it is not 
planned in general to instal more than one 
Decca chain in an area the size of France, 
for example. 

This means that in a country like France 
the accuracy of the Decca navigator must 
be great enough for an aircraft operating to 
This 
requires, for the outlying aerodromes, a 


any aerodrome in French territory. 


reliable accuracy of a few hundred yards, 
at a distance of 250 to 350 miles from the 
centre of the Decca transmitters. 
accuracy be obtained with the absolute cer- 
tainty required in such matters ? 

The frequencies used by the Decca system 


Can this 


are low frequencies, liable to reflection from 
the ionosphere. 

The laws of ionospheric propagation of 
low frequencies are still not fully known, 
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and with the accuracies demanded it is to 
be feared that there may be seasonal or 
other unpredictable irregularities. 

Also, since the installation of Adcock D/F 
beacons it has been found that the areas 
with the greatest disturbance are those where 
ground wave and ionospheric wave arrive 
with similar intensities. For long waves this 
occurs at a distance of about 250 miles which 
in D/F navigation is the critical distance 
where propagation is particularly subject to 
interference. 

An 18-page article has recently been 
devoted to the study of this subject by a 
British physicist from the Royal Aircraft 
Establishment, Farnborough !. The conclu- 
sions which seem to emerge from this detailed 
examination, both theoretical and experi- 


mental, are the following : 


1) there are irregular variations in the 
time of transmission of long waves ; 


8S 


the resulting errors are at their maxi- 
mum at a distance of 200 to 400 miles ; 


3) the value of the errors due to these 
propagation phenomena, observed on 
a Decca equipment, may be several 
miles. 


The author states during his discussion 
that accuracy is satisfactory up to about 
250 miles and that at greater ranges perform- 
ance is unpredictable. 

It would therefore seem that the use of 
long waves transmitted from a single central 
station in a country the size of France would 
make navigation insufficiently safe during 
approach to outlying aerodromes, such as 
Nice or Bordeaux, for example. 

With systems using metre or decimetre 


waves the position is quite different. The 


'“ Low frequency radio-waves propagation by the ionosphere, 
with particular reference to long distance navigation ”, Caradoc 
Williams, Proceedings of the Institution of Electrical Engineers, 
London, Part III, March 1951, 











number of frequencies available is very 
great, the waves do not cover unnecessarily 
long distances and the volume of each station 
is limited. A station can therefore be installed 
at every airport, and accuracy is high and 


reliable, for two reasons : 


1) ionospheric propagation does not enter 
into it, 

2) during approach, the distance from the 
airport beacon becomes smaller and 
smaller and accuracy greater and greater 
as the aircraft approaches its destination, 
a very favourable condition. 


The advantages of VHF systems appear 
to have been clearly realized by French 
aeronautical services since 1935. The value 
of metric waves as a means of radio communi- 
cation had already been recognized and the 
problem of their employment for medium 
distance navigation already set. 

In 1938 the French Air Force used VHF 
D/F equipment for navigating its single- 
seater fighters, and in 1939 several types of 
VHF omni-directional beacons were tried 
out at Villacoublay Flight Test Centre. From 
that time on the value of medium distance 
navigation by metric and decimetric waves 
was recognized in France, and it can be said 
that the present-day azimuth-distance system 
is the confirmation and the extension of the 
work done by the technical services from 
1935 to 1939. 

Having thus described the general frame- 
work into which DME fits, let us now 
discuss the equipment in particular. 


IIT. Object of DME 


The object of the DME system is as follows : 

Fixed stations are installed on the ground 
at the airports flown over or used by the air- 
craft, whose pilot can read off at any moment 
direct from a dial his distance from one of 
these airports. He can choose the airport 
near his route from which he wishes to 
measure his distance. If, for example, he 
chooses the airport he has just left, his dial 
shows him the actual distance he has covered, 
like the mileometer does for the car driver. 

In general the distance measuring equip- 
ment is connected with a radio range which 
shows the pilot the route to follow. The 
pilot thus navigates from one airport to 
another, following a route whose direction 
is fixed by the use of the radio range. His 
DME enables him to follow his progress on 
this route. This combination of equipment 
is thus exceptionally simple in use. 

The aircraft approaches the aerodrome of 
destination by following a route marked by 
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Fig. 1. General diagram. — DME distance indicator. 
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the omni-range at this aerodrome, his DME 
telling the pilot at any given moment the 
exact distance he still has to cover. It is 
of particular value to the pilot to know this 
distance, so that he can keep exactly to his 
arrival timetable and the relevant instruc- 
tions regarding altitude of flight. 

The accuracy required of DME by ICAO’s 
international regulations is 1,000 yards over 
short distances and 6 miles at its maximum 
practical range of roughly 200 miles. 

In actual fact the accuracy obtained in 
official tests is higher, errors in general not 
exceeding 200 yards at all distances. DME 
therefore enables the pilot to ascertain his 
position on the actual landing axis in relation 
to the fixed transmitter at the end of the 
runway. In this case it constitutes a supple- 
ment to the landing radio aids (ILS). 














IV. Operating principle of DME 


DME works on the radar principle, i.e., 
the distance is measured from the time it 
takes for the echo of a radioelectric pulse 
emitted by the aircraft to be returned by a 
fixed responder on the ground. As the speed 
of the waves is about 186,000 miles per second 
the duration of the echo for a distance of 
90 miles is one millionth of a second, easily 
measurable by present-day electronic tech- 
niques. 

The aircraft carries a transmitter (fig. 1), 
which transmits, at regular intervals of 30 a 
second, radioelectric pulses, each 2.5 micro- 
seconds long (a micro-second is one millionth 
of a second). The transmitter, known as 
“ challenger ”, works on a wavelength in the 
neighbourhood of 30 centimetres, between 


Fig. 2. Complete set of aircraft equipment. 
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that of radar equipment (1 to 10 cm) and 
television (2 metres). 

These pulses are received on the ground 
by the receiver of the “ responder” at the 
aerodrome concerned. When a pulse reaches 
the “ responder ” it is passed almost instan- 
taneously from the receiver to the transmitter, 
which immediately transmits a pulse echo 
on a neighbouring wavelength. The echo is 
then picked up by the aircraft’s receiver. The 
challenger’s special electronic circuits auto- 
matically measure the time elapsed (in micro- 
seconds) between the emission and the return 
of the pulse, and, unlike radar where readings 
are made on the screen of a cathode ray tube, 
the measurement actuates a small electric 
motor which works a mileometer similar to 
that used in automobiles (fig. 2). 

Described in this way the principle is 
extremely simple. Reliability of operation, 
an essential in all modern radio navigation 
equipment, is based on the following two 


aspects : 


1. The wavelength used, in the neighbour- 
hood of 30 cm., is not affected by iono- 
spheric irregularities, which lead to errors 
and unreliabilities in systems using me- 
dium or long waves. 


2. The considerable experience acquired in 
classic radar engineering shows distance 
measuring to be one of the most reliable 
and accurate of radioelectric procedures. 


In the fire-control of naval and anti- 
aircraft artillery distance measuring by 
radar has practically eliminated measure- 
ments by optical means, even when visib- 
ility is perfect. 


Fig. 3. Aerial installation in aircraft. 
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However, two essential problems had to be 
solved concerned with the application of this 
system to navigation. 


V. Problems set by number of aircraft in flight, 
and by aerodromes 


It is obvious that it is possible for several 
aircraft to be within the orbit of the same 
Each must be able to measure 
its own distance from the single responder, 


responder. 


simultaneously with others, without risk of 
confusion with other aircraft. 

The problem has been completely solved, 
thanks to the difference that exists between 
the rates at which pulses are emitted by the 
various aircraft. One responder can be inter- 
rogated simultaneously by 50 aircraft, with- 
out confusion between them. 

Secondly, a given aircraft must be able to 
choose during flight the ground responder it 
wishes to interrogate, so that it can measure 
its distance from any desired airfield near 
its route. 

For this purpose there are 20 wavelengths 
on which responders’ transmitters and re- 
ceivers work. These are grouped two by two, 
so that 100 different responders can be 
characterized, installed on the ground and 
selected at will by the pilot. 

These responders are numbered 1 to 100. 
By operating a dial numbered in the same 
way the pilot can select his ground responder, 
whose distance reading is then shown on the 
mileometer. Thus the system has all the 
elasticity it requires, thanks to technical 
details which we shall not go into here. 


VI. Characteristics of the azimuth-distance 
navigation system using DME 
The brief description given in the preceding 
paragraphs shows that this system has the 
following characteristics : 


— Simplicity in use (simple indicators), 
— Possibility of immediate application to 
the automatic pilot to enable straight or 
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Fig. 4. Ground installation at Orly, Paris. 


circular paths (centred on the ground 
station) to be followed, 


— Use of a single ground station (combined 
radio range and DME responder) to 
measure azimuth and distance, 


Fig. 5. Ground DME equipment (transponder). 
Aerial for ground equipment (cap re- 
moved ) 
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— Use of normal geographical maps, 
— Low susceptibility to jamming, 


- Low vulnerability of ground stations (a 
complete ground station covers only a 
few tens of square yards), 


- Considerable reduction in the risks of 
interference (VHF), errors due to atmo- 
spherics or irregularities in the ionosphere. 


In France two DME stations have been 
erected, at Brétigny-sur-Orges and at Orly. 
A number of test flights have been made 
with this new equipment and several hundred 
distance measurements checked by simul- 
taneous photographs of the ground and the 
indicators. Errors did not exceed 250 metres 
up to the maximum distances used, cor- 
responding to the optical horizon of the 
stations (ranges up to 150 miles at an altitude 
of 16,400 ft.). It would therefore appear that, 
in conformity with ICAO recommendations, 
this type of equipment has reached the stage 
where its placing in operation can be seriously 
envisaged. 

DME has been designed and produced 
primarily by the Federal Telecommunications 
Laboratories, New York, at the instigation of 
the French engineer Henri Busignies, and in 
Paris by the Laboratoire Central de Télé- 
communications. 

Figs. 2 to 5 show airborne and ground 


equipment. 


Conclusion 


Because of the international nature of the 
problems of air navigation radioelectrical 
experts must cooperate with other countries 
in a number of directions, of which the 
technical is not the only important one. 


By placing the modern equipment formed 
by DME at the disposal of European aviation, 
the French radioelectric industry has shown 
its vitality in competition with the powerful 
British and American electronic industries. 
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How much 


Nowadays several countries are spending 
up to a tenth of their total national income 
on their air arms. That means that in these 
countries every individual works over an 
hour a day for this purpose and, as a tax- 
payer, is beginning to take an interest in 
how these huge sums are spent. 

It is obvious that a good proportion will 
be swallowed up by the air forces’ technical 
equipment, and that among the latter jet 
power plants will in turn absorb the lion’s 
share. In addition, use of jet engines is not 
confined to the air arm, but is also being 
extended more and more to army, navy and 
civil aviation. The problem of cost is there- 
fore of wide-spread importance. 

For the classical engineer whose thermal 
engines run for hundreds of thousands of 
hours on cheap fuels, economy is measured 
by the engine’s thermal efficiency, and most 
efforts at technical progress have been con- 
cerned with increasing this efficiency. 

With the introduction of jet propulsion, 
however, the situation has essentially changed : 
the fuels used vary so much in composi- 
tion and in price that their technical efficiency 
(utilization of energy) no longer provides 
any indication of their economic efficiency. 
Moreover, the power plants themselves are 
also “consumable”, sometimes in only a 
few seconds, sometimes, under the most 
favourable conditions, not until after several 
thousand hours of running, so that their 
price will also play a considerable part in 
any calculation of costs. 

For these and other reasons thermal 
efficiency has been replaced in jet power 
engineering by the notion of weight per unit 
momentum, i.e., weight of the whole power 
plant plus fuel per unit momentum produced. 
It is expressed in kilograms weight per 
second-tonne. 

This “ specific weight ” and its components 
engine weight per unit momentum and fuel 
consumption per unit momentum can be used 
as a basis for improving economic efficiency. 


Cost and efficiency of fuels 

The cost of the most important fuels and 
propellants is given in round figures in 
Table 1 :— 
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does Jet Propulsion cost ? 


By Dr. Eugen SANGER, Paris 








TABLE 1 
Kerosene 0.04 $/kg 
Liquid oxygen 0.07 $/kg 
Alcohol 0.09 $/kg 
Nitric acid 0.10 $/kg 
Hydrogen peroxide 1.40 $/kg 
JATO rocket propellants 5.00 $/kg 
Smokeless powder 10.00 $/kg 








Even in this small selection of propellants 
—the most commonly used—there is a price 
variation of from 1 to 250. 

Using the specific consumption in kg/sec- 
ton we get the cost for a number of power 
plants as shown in Table 2. 

The unsufrpassable economy of the piston 
engine/propeller combination within its own 
Mach number range is once more demonstrat- 
ed here, as well as the increasing cost with 
increasing Mach number in all other air-jet 
engines. 











TABLE 2 
| Specific |Fuel cost 
fuel per unit 
Type of engine |" tion ti 
| kg/sec- | $/sec- 
ton | ton 

| 
Piston engine, atMachoO.5 | 0.2 0.008 
Propeller turbine, at Mach} 

0.7 0.3 | 0.012 
Jet turbine engine, atMach1} 0.4 | 0.016 
Turbo-ramjet, at Mach 1.5 0.7 0.028 
Ramjet, at Mach 1 to 4 | 0.9 | 0.036 
Pulse jet, at Mach0.5 | 1.3 | 0.052 
Alcohol-Oxygen rockets, at 

all Mach numbers | 45 | 0.36 
Hydrocarbon-nitric acid 

rockets, at all Mach num-| 

bers | 45 | 0.53 
Powder rockets, at all Mach 

numbers | 5.0 | 50 
Methanol-hydrogen peroxide 

rockets, at all Mach num-! 

bers | 6.0 | 5.8 
JATO solid fuel rockets, at! 

all Mach numbers | 7.0 | 35 
Water vapour/bi-propellant) 

rockets, at all Mach num-' 

bers | 10.0 0.27 
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Rockets pay for the fact that their thrust 
is independent of Mach number by their 
propellant cost per unit momentum. Even 
with the most economical liquid propellants 
this is ten times as high, and solid propellant 
rockets are ten times higher again. 

To get the fuel cost for specific flight 
tasks we shall use the figures obtained in 
practice or from calculations. 

Table 3 gives selected present-day flight 
tasks with the required thrust units per tonne 
of the aircraft weight remaining at the end 
of the task (that is, for example, after 
consumption of the fuel required for the 
task). It also gives the fuel costs in dollars 
for various types of propulsion used for the 
task, in relation to this final weight unit, 
and in very round figures. 

The take-off aid—roughly 1.5 sec-ton per 
tonne take-off weight—commonly used for 
jet aircraft of the Boeing B-47 “ Stratojet ” 
class costs several thousand dollars per 
take-off, thanks to the high cost of the solid 
rocket propellant. These high costs can be 
reduced by using liquid rocket propellants, 
though at the expense of simplicity of design 
and handling, as is shown by the example 
of the water vapour/bi-propellant rocket. 
By adding a high water percentage either to 
the combustible (under suitable conditions 
alcohol will still burn with an 80% water 
content) or to the burnt fire gas, water 
vapour superheated to 1,000°C can beobtain- 
ed in liquid rockets, with a discharge velocity 
of approx. 1,000 m/sec. This in a combustion 
chamber which needs no special cooling 
devices during the short period of the take-off 
process. 

The second example of complete take-off 
of aircraft by means of rockets, such as 
ramjet aircraft, which have no thrust when 
at rest, shows the economic superiority of 
liquid take-off rockets even more clearly. 
In this case the costs of take-off with solid 
rockets would be considerably higher than 
the fuel costs for the whole of the remaining 
flight. 

In the case of manned fighters, unmanned 
defence missiles or rockets which must climb 
to a height of 12 miles for example, powder 
rocket propulsion is no longer defensible at 
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any rate from the point of view of fuel costs. 
Even liquid rockets have fuel costs which 
are 20 times higher than those of jet engines. 
However, this position will become more 
favourable when the actual cost of the engine 
is considered. 

Level flight after the climb to 12 miles, 
e.g., lasting half an hour (fighters) or over 
long distances (strategic bombers and long- 
range commercial aircraft) can only be 
carried out economically by air-jet propul- 
sion. A half hour’s flight by a fighter on 
rocket power alone is technically feasible, 
but very-costly. Long-distance flight by 
rocket is only conceivable at very much 
greater altitudes and much higher Mach 
numbers. 

The examples of a rocket climbing to 30, 
120 and 240 miles cannot be compared with 
other types of engine, since it is technically 


impossible for other engines to reach such 
altitudes. The case of a rocket ascending 
to 240 miles (such as the American “ Viking ” 
experimental rocket) already represents 
roughly that of a defence rocket used against 
an earth satellite vehicle. The last example 
but one is of single-stage catapulted feeder 
rockets for the earth satellite vehicles. They 
require propellants of very high exhaust 
velocity, which are still in the research stage 
and for which no prices are yet available. 


Finally, mention is made of the known 
projects for multi-stage feeder rockets for 
the earth satellite vehicle whose momentum 
requirement is very much greater than that 
of single-stage rockets, since the parts jet- 
tisoned en route naturally do not appear in 
the final weight. As these are to work on 
current propellants it is possible to give 
figures for costs for the total ascent. It is 























an interesting point that these costs do not 
exceed those of a powder rocket ascent to 
12 miles. 


Economic efficiency of engines 


The cost of jet engines per kilogram 
structural weight does not vary too much 
between the various kinds of jet engines, but 
it does depend very much on the number of 
each engine type built. The only exceptions 
are ramjet and pulse-jet engines. 

In very round figures the cost of engines 
per kilogram structural weight can be taken 
to be as follows :— 


Quantity 
production: 100 1,000 10,000 100,000 
Costs : 80 $/kg 40 $/kg 20 $/kg 10 $/kg 


Ramjets and pulse jets cost about half these 
figures. 
Engine costs per unit weight are therefore 














TABLE 3 substantially higher than fuel costs, e.g., 
two thousand times higher than that of 
“| ; Rey bpd kerosene-driven turbine engines built in small 
Flight task — | Jet unit used | > quantities. me 
| = | (S/tonne) Only in the case of solid rockets built in 
7: | a extremely large quantities can the propellant 
Powder rockets sie 1 cost approach the kilogram price of the 
Take-off aid for turbojet aircraft 1.5 | JATO solid rockets 53 engine. 
| Water vapour rockets 0.4 The engine weight per unit final weight is 
: shown in Table 4. The engine costs per tonne 
Powder rockets 675 final weight are given for two extreme cases 
————— —quantities of 100 and 100,000. 
: A Paar 

Rocket take-off for ram-jet 13.5 nie te se band These costs can be distributed among the 

aircraft Hydrocarbon/nitric acid rockets 7.2 various flight missions, corresponding to the 
Water vapour rockets 3.7 life of the power plant. In the case of 
. expendable machines they are equal to the 
Powder rockets 8,000 cost per mission (e.g., for defence rockets, 
ee ee ‘ i “x le take-off rock- 
, Hydrocarbon/nitric acid rockets 85 unmanned fighters, expendab 

yo 5 gama to 160 —- — ——_—__—— | 7 ets, unmanned turbine or rocket bombers, 
Turbo-ramjet — 4.5 etc.). In machines with longer life, such as 
Ramjet engine 6.4 airliners, manned bombers, manned fighters 
<n eee os ; (particularly in peacetime use) they are 

Hydrocarbon/nitric acid rockets 191 spread over very many flights. 

Half-hour horizontal flight by | Alcohol/hydrogen peroxide | 2,090 This rough cutee, Pali reg srinnre 
supersonic fighter at 12 miles | 360 _ rockets Ss a the costs of engines of particularly simple 
altitude | | Ramjet engine | 14.4 

se ales TABLE 4 
Turbo-ramjet engine 9.7 
ro ig pijiethi he 5 — ceargriaas | | Engine | | Engine cost 
Turbo-jet engine (Ma-1) | 32 |"“ol finai “| $0" tonne 
-mile fli 3 eer ee ight 
a ey omg Gh 12 to 18 mies 2,000 Turbo-ramjet engine (Ma-2) 56 | —— said 
| Ramjet engine (Ma-4) 80 Take-off rockets for | 
cm OH . (is rie geht jet turbine aircraft 0.5% | 400-50 
| } } 

Rocket ascent to 30 miles 280 | Hydrocarbon/nitric acid rockets 150 Take-off rockets for | 
eceniiesininsiecnaiin casting — “ — ; ram-jet aircraft | 5% | 4000-500 

Rocket ascent to 120 miles | 520 Alcohol/oxygen rockets 187 Ramjet bomber | 20% | 000-1000 

is aar oa Gal i Ses eee ag Jet turbine and 

Single-stage rocket ascent to 740 | Alcohol/oxygen rockets 266 turbo-ramijet | 
240 miles bomber 40% | 32,000-4000 

Single anes sineniitiaehbeaiee + ee One: FAeNe | | 

: os a ircraft | 25% | 20,000-2500 
rocket to earth satellite vehicle 4,500 re =" 
™ ee ae eee ecemme aa te — = mes Ramjet fighter 30% | 12,000-1500 

Multi-stage feeder rocket to 10,000 to! Alcohol/oxygen rockets | 3,600 to Jet turbine and tur- | 

earth satellite vehicle — | 7,200 bo-ramjet fighters | 60% | 48,000-6000 
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Expendable missiles 7 TT | , r ee ee 
—_ Vy / VA, Il 
sb 1 wee , OA. A | Il 
Recoverable missil 10 + y fl af an in | | 
20 y / a Pt ty 
Manned fighters on war operations e / VA | V, AA | | II) 
a | / / | 
Manned bombers on war operations 700 $44 4ap’a iT 
Manned fighters f / IIE | A L | | | | | ll 
on peacetime operations | | /, lll | | | 
an | NI 7 mat Ht 
| {| 
on peenalne senate aed / | Thy E : | | sie | 
Commercial aircraft 5000 | 
10000 
10 100 1000 70000 100.000 1000000 


Total propulsion costs for flight mission per tonne payload (dollars) 


Economic efficiency of jet propulsion. 


payload carried. 


the engine (ordinates) is used as basis. 


structure, e.g., the ramjet, which are of 
relatively cheap sheet metal construction. 
Since the tonne final weight is used as 
reference weight, the fact is not sufficiently 
stressed that if the engine weight is reduced, 
the total weight of the aircraft can also be 
reduced for the same payload, which con- 
siderably reduces the total costs. In the final 
remarks on total economy of jet power plants 
allowance is made for this circumstance by 
using only half the actual kilogram cost for 
the ramjet engine (as has already been done 
in Table 4) and comparisons are made on 
the basis of one tonne useful load. 


General economic efficiency of jet propulsion 


The accompanying diagram shows the fotal 
propulsion costs for specified flight missions 
per tonne of the useful load carried to destina- 
tion, depending on engine life. If the life is 
short, i.e., if the high costs of the engine are 
spread over only a few or even only one 
mission, the propulsion costs rise consider- 
ably. On the other hand, if the life is long, 
the fuel and maintenance costs (fixed per 
mission) make up a higher and higher propor- 
tion. The total propulsion costs thus become 
practically independent of the life of the 
engine and simultaneously relatively low. 

The effect of engine costs is particularly 
noticeable in the diagram since they are given 
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The graph shows 
(abscissa) total propulsion costs per flight mission per tonne 
Two curves (production quantities of 100 
and 100,000) ave drawn for each type of engine, and the 
number of all flight missions carried out within the life of 


Explanation of signs 





‘ | Large | Small 
Type of propulsion | quantity | quantity 
Liquid take-off rocket A C; 
Powder take-off rocket B C, 
Ramjet bomber D H 
Ramjet fighter | E J 
Liquid defence rocket | F L 
Turbo-jet bomber > a N 
Powder defence rocket! K M 
Turbo-ramjet fighter | 0 











for two extreme production quantities of 
100 and 100,000 for each mission. 

The case of a fighter flight—take-off and 
climb to 12 miles, then half an hour’s level 
flight—has been dealt with for the turbo- 
ramjet and the ramjet. Its more favourable 
engine efficiency would render the former 
type of fighter more economical only if the 
same engine could be used for 1 500 missions 
(for very large quantity production) or 5 000 
(for small quantities), which will scarcely be 
possible for fighters even in peacetime, much 
less in wartime. 

On the contrary, for the most probable 
numbers of operations (between 10 and 200) 
the ramjet fighter is five times as economical 
for the same production quantities. This is 
due to the lower flying weight, relatively low 
engine weight and low cost of production 
per unit weight. The flight costs roughly 500 
to 1,400 dollars per tonne useful load for 
these numbers of missions. For an expendable 
weapon used once only the cost would be 
10,000 to 90,000 dollars for the ramjet fighter 
and 70,000 to 600,000 dollars for the turbo- 
ramjet fighter. 

In the latter case our thoughts therefore 
turn to defensive rockets, which are also 
represented in the diagram with an ascent 
to 12 miles and for two kinds of propulsion 
units, namely powder rockets and liquid 
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rockets. For use once only the cost of 
propulsion amounts to 70,000 to 170,000 dol- 
lars in the first case and 17,000 to 140,000 
dollars in the second. The liquid rocket, 
which is more economical especially in large- 
scale production, would be superior to the 
e.g. unmanned jet fighter used for a single 
mission only if driven by a turbo-ramjet. 
On the other hand it is economically marked- 
ly inferior to the unmanned ramjet fighter. 
Only at very much higher altitudes would 
conditions shift in favour of the rocket. 

The third case dealt with is that of a 
bomber flight, with take-off, climb to 12 miles 
and subsequent horizontal flight over 6,200 
miles, on the one hand with turbo-ramjet 
engine and on the other with ramjet engine. 
Propulsion costs for the first kind of bomber 
become lower than those for the second 100 
or 1,000 flights with the same engine, which 
falls within practical possibilities. The ramjet 
bomber’s promise of higher Mach numbers 
than the pure jet or turbo-ramjet bomber 
will have to be paid for in higher propulsion 
costs, which was not so in the case of the 
fighter. The absolute propulsion costs for 
the above-mentioned flight task amount to 
roughly 1,000 dollars per tonne useful load. 

The fourth and last case chosen is that of 
take-off with the aid of rockets, with con- 
sideration of both powder and liquid rockets. 
If the take-off rockets are completely des- 
troyed each time they are used the cost 
per tonne of the aircraft at take-off is between 
1 200 and 4700 dollars for powder rockets, 
depending on the quantity of rockets pro- 
duced, and between 500 and 4000 dollars 
for liquid rockets, i.e., in both cases too high. 

If take-off rockets can be recovered and 
used again and again the cost of a rocket 
take-off falls to 700 dollars for a powder 
rocket, and to under 10 dollars for a liquid 
rocket. The direction to be taken by technical 
development is thus clearly marked out by 
economic considerations. 


* 


Altogether these remarks on the cost of jet 
propulsion serve to underline present-day 
development tendencies in the air arm 
towards turbo-ramjet bombers, ramjet fight- 
ers, liquid defensive rockets and liquid take- 
off rockets. They may perhaps serve to show 
the taxpayer that if his money has to go 
on such things it is at least being spent 
economically in this way. 

However, such comparisons of cost say 
nothing on the question of whether con- 
siderably more far-reaching weapons, such 
as the rocket bomber, may not ultimately 
be more economical, thanks to their superior 
qualities, than the turbojet bomber of today. 


VOLUME VII — No. 6, 1952 














of © 
bee 
ap} 
and 
wit! 
sho 
mec 





VOLU 














The Ateliers d’ Aviation René Leduc et Fils, 
of Argenteuil, have been engaged for several 
years on the development and testing of 
ramjets. As is known, this type of engine is 
characterized by great structural simplicity. 
The ramjet engine has no moving parts, the 
acceleration given to the air flowing being 
imparted only by the injection and combus- 
tion of fuel (kerosene), 7.e., by the addition 
of heat. This extreme structural simplicity 
justifies to a certain extent its nickname 
of “flying stove-pipe”. This lack of com- 
plexity is also probably the reason why this 
method of propulsion was discovered as early 
as 1913—1long before today’s jet engines—by 
the French engineer Lorin, who also investig- 
ated its practical application. 

The thrust of a ramjet is fairly exactly 
proportional to the density and the square 
of the velocity of the air, provided working 
temperatures are maintained by a suitable 
dose of fuel, depending on the operating 
conditions. Thus thrust increases with 
increasing speed. Hence, with an attractively 
low structural weight the engine delivers a 
considerable thrust at very high speeds—just 
what aircraft engineers are looking for. The 
speeds obtainable are limited not by engine 
performance but by other factors which it 
would take too long to enumerate here. 

However, although ramjets are almost 
ideal for high speeds, they are virtually 
useless for low speeds. On the ground or at 
low speeds (take-off) the present-day form 
of the engine develops practically no thrust, 
the principal disadvantage against its many 
advantages. An aircraft fitted with a ramjet 
must therefore have outside assistance for 
take-off (auxiliary power plant, launching 
aircraft). At the time of Lorin’s experiments 
this circumstance represented a practically 
insuperable obstacle. The ramjet was 
therefore of no interest at that time, and 
Lorin’s ideas, which seemed quite fantastic 
in 1913, fell into oblivion. 

Without knowing anything of Lorin’s 
work, René Leduc discovered the principle 
of the ramjet for the second time. He has 
been working successfully on the practical 
application of this principle since 1933, 
and has succeeded in producing engines 
with regular combustion. This suffices to 
show that although the ramjet is of great 
mechanical simplicity, the term “stove pipe” 


René Leduc’s Ramijets 








1. Leduc 010 with ramjet engine : 
engined ‘“ Languedoc ” 





2. Leduc 010 experimental aircraft in free flight. Pilot and observer sit in a pressure-tight cabin 


in the nose. 


should still not be taken too literally. There 
were many problems (combustion process, 
flame distribution, etc.) to be solved before 
engines of this kind could be made reliable 
in operation. 

Work on the ground was followed by 
practical trials in an aircraft. The Leduc 010 
experimental aircraft (pictures) goes back 
to 1940 (!). The machine was partially 
destroyed during a bombing raid, but 
rebuilt to the same design. Today, there 
are three Leduc aircraft available for flight 
tests and a fourth will shortly be completed. 

Main characteristics of the Leduc 010: 
gross weight 6,600 lIbs., engine weight 
660 Ibs., max. speed Mach 0.85 (630 m.p.h. 
at low altitude, 560 m.p.h. at high altitude), 


ceiling 50,000 ft., thrust 
approx. 4,400 lbs. 

No structural details of the Leduc ramjet 
engine have been released. However, flight 
tests appear to have gone off to the full 
satisfaction of the designer, so that the 
theoretical problems of subsonic ramjet pro- 
pulsion may today be regarded as having 
been solved. 


(at Mach 0.85) 
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TYPE 95000 FUEL PUMP 


Two pumps of this model are mounted in parallel to each Hispano-Suiza 
turbo-jet. Their principal function is to supply the combustion chambers with 
fuel under high pressure. They adapt the fuel supply to every operating 


condition of the engine. 


(Lucas and Rotax Licences) 
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SERVO MOTORS e ELECTRONICS 


In its well equipped laboratories and workshops, S.F.E.N.A. 
designs and builds gyroscopic detection and stabilization 
equipment, telemetering and remote-control instruments for 
jet-propelled aircraft and guided missiles. 


25, rue du Pont - NEUILLY 
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cargo chutes 





personnel 
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personnel and cargo 
can be landed by 


= — vid! 
sn” nywhere in the Wo 


No matter what has to be landed . . . whether it is fight- 
ing men or a pilot escaping from a doomed plane, medical 
supplies or food, artillery or ammunition, jeeps or giant 
girders for bridges . . . it can be safely landed by para- 
chute, anywhere in the world! Parachutes, manufactured 
by Pioneer, are serving the U. N. forces in Korea, have 
served the Allies faithfully at every point of the compass, 


PARACHUTES MAKE JHE QFFERENCE/ landing safely anything that can be carried in a plane. 


All these achievements by parachutes and many more now 
in the stages of further development are the result of the 
tireless efforts of the U. S. Air Force parachute engineers 
+ . + Plus our own research and development departments 

.- and the world's largest parachute manufacturing facili- 
ties. Parachutes designed for specific purposes, and built 
E ADDRESS: PIPAR, Manchester n USA by Pioneer, deliver positive performance. 

















av) PIONEER PARACHUTE COMPANY, INC. 


MANCHESTER, CONNECTICUT, U.S.A 


Switzerland : RIWOSA S.A., Witikonerstrasse 80, Zurich 32, Switzerland 

Holland & Denmark : Schreiner & Company, 24 Javastraat, Den Haag, Holland, 

France : Mr. Guy Roberi, Equipements d’Avions et d’'Aérodromes, || Rue Tronchet, Paris 8, France. 
Turkey : Mr. Affan Ataceri, 69 Adakale Sokak, Yenisehir, Ankara, Turkey. 

Belgium : Benelair, Ltd., Rue Royale 43, Brussels, Belgium. 

Sweden & Finland : Mr. Ake Forsmark, Kummelvagen 9, Alsten, Stockholm, Sweden, 

Norway : Wideroe’s Flyveselskat A. S., Kr. Augustsgt. 19, Oslo, Norway. 
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ON THE PRINCIPAL ROUTES OF 
AIR FRANCE 
you will travel by ‘‘CONSTELLATION” 


“the Atlantic favorite ” 






To all seasoned air travellers the name 
*‘Constellation’’ has come to symbolize reliability, 
speed and comfort. 

For several years Air France’s every effort has been directed 
towards offering all its passengers on long-distance 

services the privilege of travelling by this 

wonderful aircraft. 

Today Air France is proud to be able to announce that this 
result has been achieved on all its major international services. 


You can go by Constellation 


To South America: Recife, Rio, Buenos Aires. To Africa: 
Dakar, Konakry, Duala and to Madagascar. To the principal 
cities of Europe and the Near and Far East. Finally 
between Paris and New York you can enjoy the added 

comfort of a sky lounge chair. 


AIR FRANCE 


ALL TRAVEL AGENCIES AND 119 CHAMPS-ELYSEES - BALZAC 70-50 - 2 RUE SCRIBE - OPERA 41-00 ® 


» figures speak for themselves: 

n 1947: 423,115 passengers 
950: 774,906 passengers 

1 1951: 1,000,000 passengers 











